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DUHDV�DUH�PRYLQJ�IDVWHU�WKDQ�WKH�EOXH�DUHDV�

$ORQJ�PRVW�RI�WKH�FRDVWV��ZKHUH�WKH�ZDWHU�IDFHV�DQ�REVWDFOH��WKH�ZDWHU¶V

YHORFLW\�LQFUHDVHV�DQG�HGGLHV�IRUP��(GGLHV��VPDOO�ZKLUOSRROV��DUH�PRVW

UHDGLO\�VHHQ�LQ�VWUHDPV��ZKHUH�WKH\�IRUP�EHKLQG�URFNV�DV�WKH�ZDWHU�IORZV

DURXQG�WKHP��7KH�HGGLHV�LQ�WKH�RFHDQ�IROORZ�WKH�VDPH�SULQLFLSOH��EXW�DUH

VR�ODUJH�WKDW�WKH\�DUH�KDUG�WR�GHWHFW��(GGLHV�FDQ�DOVR�VSLQ�RII�DW�WKH�HGJHV

RI�FXUUHQWV�DV�WKH\�WUDYHO�WKURXJK�WKH�RFHDQV��$Q�DOPRVW�FRQVWDQW�VWULQJ�RI

HGGLHV�LV�YLVLEOH�RII�RI�WKH�QRUWKHUQ�FRDVW�RI�6RXWK�$PHULFD�DV�DQ

HTXDWRULDO�FXUUHQW�IURP�$IULFD�FUDVKHV�LQWR�6RXWK�$PHULFD��(GGLHV�DUH�DOVR�YLVLEOH�RII�RI�PDQ\�LVODQGV�DURXQG�WKH�ZRUOG�

1RWDEOH�)HDWXUHV

7KH�*XOI�6WUHDP�ZLQGLQJ�LWV�ZD\�DORQJ�WKH�HDVW�FRDVW�RI�WKH�8�6�

(GGLHV�IRUPLQJ�DORQJ�DOPRVW�DOO�WKH�FRDVWV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

2FHDQ

$XGLR

<HV

'DWDVHW�6RXUFH

/RV�$ODPRV�1DWLRQDO�/DEV�DQG�WKH

1DYDO�3RVWJUDGXDWH�6FKRRO

'DWDVHW�'HYHORSHU

/RV�$ODPRV�1DWLRQDO�/DEV�DQG�WKH

1DYDO�3RVWJUDGXDWH�6FKRRO

9LVXDOL]DWLRQ�'HYHORSHU

/RV�$ODPRV�1DWLRQDO�/DEV�DQG�WKH

1DYDO�3RVWJUDGXDWH�6FKRRO

&RQWDFW

%HWK�5XVVHOO

'LUHFWRU\

)73�/LQN

.0/

.0/�)LOH

.H\ZRUGV

2FHDQ��PRGHO��1$6$��FXUUHQW��HGG\

1$6$�6HD�&XUUHQWV
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1$6$�6HD�&XUUHQWV�

'HVFULSWLRQ

��6HD�VXUIDFH�WHPSHUDWXUH�SOD\V�D�YLWDO�UROH�LQ�WKH�EHKDYLRU�RI�WKH�(DUWK
V

FOLPDWH�DQG�ZHDWKHU��,W�LV�ERWK�D�FDXVDO�IDFWRU�DQG�D�UHVXOWLQJ�HIIHFW�RI

FRPSOH[�LQWHUDFWLRQV�RI�QDWXUDO�IRUFHV�RQ�(DUWK��1$6$�QRW�RQO\�PHDVXUHV

VHD�VXUIDFH�WHPSHUDWXUH�IURP�VSDFH�XVLQJ�SRZHUIXO�VFLHQWLILF�LQVWUXPHQWV�

EXW�LW�DOVR�VWXGLHV�WHPSHUDWXUH�SURFHVVHV�LQ�DGYDQFHG�FRPSXWHU�PRGHOV��

�*UHWFKHQ�&RRN�$QGHUVRQ��*RGGDUG�6SDFH�)OLJKW�&HQWHU

:KLOH�WKH�FROGHVW�DUHDV�UHPDLQ�DW�WKH�SROHV�DQG�WKH�ZDUPHVW�DUHD�UHPDLQV

DW�WKH�(TXDWRU��PDQ\�RI�WKH�VHDVRQDO�YDULDWLRQV�OLQNHG�WR�WKH�RFHDQ�DUH

YLVLEOH�LQ�WKLV�GDWDVHW�JHQHUDWHG�E\�D�1$6$�FRPSXWHU�PRGHO��7KH�ZDUPHVW

ZDWHU��ZKLFK�LV�VKDGHG�UHG��FDQ�EH�VHHQ�H[SDQGLQJ�IURP�WKH�HTXDWRU

GXULQJ�WKH�VXPPHU��7KH�(DVW�&RDVW�RI�WKH�8�6��ZDUPV�VWHDGLO\�GXULQJ�WKH

VXPPHU�PRQWKV�DQG�WKHQ�FRROV�LQ�WKH�IDOO�DQG�ZLQWHU��2FHDQ�FXUUHQWV�DUH

DOVR�YLVLEOH��VXFK�DV�WKH�*XOI�6WUHDP��ZKLFK�WUDQVSRUWV�ZDUP�*XOI�RI

0H[LFR�ZDWHU�XS�WKH�(DVW�&RDVW��$ORQJ�WKH�HGJHV�RI�PDQ\�RI�WKH�FXUUHQWV�

RFHDQ�HGGLHV��VPDOO�ZKLUOSRROV��FDQ�EH�VHHQ�PL[LQJ�DQG�GLVSHUVLQJ�WKH

WHPSHUDWXUH�JUDGLHQWV��2FHDQ�HGGLHV�DOVR�DSSHDU�DORQJ�FRDVWV��ZKHUH

ODQG�LV�DQ�REVWDFOH�LQ�WKH�SDWK�RI�WKH�ZDWHU�

1RWDEOH�)HDWXUHV

1RUWK�6RXWK�WHPSHUDWXUH�JUDGLHQW

6HDVRQDO�YDULDWLRQV�LQ�RFHDQ�WHPSHUDWXUH

&XUUHQWV�DQG�HGGLHV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

2FHDQ

$XGLR

1R

'DWDVHW�6RXUFH

/RV�$ODPRV�1DWLRQDO�/DEV�DQG�WKH

1DYDO�3RVWJUDGXDWH�6FKRRO

'DWDVHW�'HYHORSHU

/RV�$ODPRV�1DWLRQDO�/DEV�DQG�WKH

1DYDO�3RVWJUDGXDWH�6FKRRO

9LVXDOL]DWLRQ�'HYHORSHU

/RV�$ODPRV�1DWLRQDO�/DEV�DQG�WKH

1DYDO�3RVWJUDGXDWH�6FKRRO

&RQWDFW

%HWK�5XVVHOO

'LUHFWRU\

)73�/LQN

.H\ZRUGV

2FHDQ��VHD�VXUIDFH�WHPSHUDWXUH��FXUUHQW�

HGG\��PRGHO

1$6$�6HD�6XUIDFH�7HPSHUDWXUHV
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6HD�6XUIDFH�&XUUHQWV
DQG�7HPSHUDWXUH�ZLWK

9HJ�/DQG�

'HVFULSWLRQ

7R�LQFUHDVH�XQGHUVWDQGLQJ�DQG�SUHGLFWLYH�FDSDELOLW\�IRU�WKH�RFHDQ¶V�UROH�LQ
IXWXUH�FOLPDWH�FKDQJH�VFHQDULRV��WKH�1$6$�0RGHOLQJ��$QDO\VLV��DQG
3UHGLFWLRQ��0$3��SURJUDP�KDV�FUHDWHG�D�SURMHFW�FDOOHG�(VWLPDWLQJ�WKH
&LUFXODWLRQ�DQG�&OLPDWH�RI�WKH�2FHDQ��3KDVH�,,��(&&2����+LJK�5HVROXWLRQ
*OREDO�2FHDQ�DQG�6HD�,FH�'DWD�6\QWKHVLV��(&&2��SURGXFHV�LQFUHDVLQJO\
DFFXUDWH�V\QWKHVHV�RI�DOO�DYDLODEOH�JOREDO�VFDOH�RFHDQ�DQG�VHD�LFH�GDWD�DW
UHVROXWLRQV�WKDW�VWDUW�WR�UHVROYH�RFHDQ�HGGLHV�DQG�RWKHU�QDUURZ�FXUUHQW
V\VWHPV��ZKLFK�WUDQVSRUW�KHDW��DQG�RWKHU�SURSHUWLHV�ZLWKLQ�WKH�RFHDQ�
(&&2��GDWD�V\QWKHVHV�DUH�FUHDWHG�E\�XVLQJ�WKH�DYDLODEOH�VDWHOOLWH�DQG�LQ�
VLWX�GDWD�LQ�WKH�0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\�*HQHUDO�&LUFXODWLRQ
0RGHO��0,7�*&0���(&&2��VLPXODWHV�RFHDQ�IORZV�DW�DOO�GHSWKV��EXW�RQO\
VXUIDFH�IORZV�DUH�XVHG�LQ�WKLV�YLVXDOL]DWLRQ��7KH�JOREDO�VHD�VXUIDFH�FXUUHQW
IORZV�DUH�FRORUHG�E\�FRUUHVSRQGLQJ�VHD�VXUIDFH�WHPSHUDWXUHV��7KH�VHD
VXUIDFH�WHPSHUDWXUH�GDWD�LV�DOVR�IURP�WKH�(&&2��PRGHO�

7KHVH�VXUIDFH�IORZV�DQG�WHPSHUDWXUHV�UHSUHVHQW�RQO\�WKH�WRS�IHZ�PHWHUV
RI�WKH�RFHDQV��7KH\�DUH�SULPDULO\�GULYHQ�E\�WKH�VXUIDFH�ZLQGV��WUDYHOLQJ�DW

DERXW����RI�WKH�VSHHG�RI�WKH�ZLQGV��7KH�GLVWULEXWLRQ�RI�VRODU�HQHUJ\�IURP�WKH�HTXDWRUV�WR�WKH�SROHV�DOVR�FRQWULEXWHV�WR�WKH
FXUUHQWV��ZLWK�WKH�RFHDQV�UHVSRQVLEOH�IRU�����RI�WKH�JOREDO�KHDW�WUDQVSRUW�

7KH�GRPLQDQW�IHDWXUHV�DUH�WKH�ILYH�VXEWURSLFDO�J\UHV�FDXVHG
E\�WKH�VXUIDFH�ZLQGV��7KHVH�J\UHV�DUH�FHQWHUHG�DURXQG�KLJK
SUHVVXUH�]RQHV�LQ�WKH�1RUWK�$WODQWLF��1RUWK�3DFLILF��6RXWK
$WODQWLF��6RXWK�3DFLILF��DQG�WKH�,QGLDQ�2FHDQ��&LUFXODWLRQ
PRYHV�FORFNZLVH�LQ�WKH�QRUWKHUQ�KHPLVSKHUH��DQG
FRXQWHUFORFNZLVH�LQ�WKH�VRXWKHUQ�KHPLVSKHUH��7KH�RFHDQ
FLUFXODWLRQV�FORVH�WR�WKH�HTXDWRU�DUH�SULPDULO\�HDVW�WR�ZHVW�
DJDLQ��LQ�WKH�GLUHFWLRQ�RI�WKH�VXUIDFH�ZLQGV��7KH�URWDWLQJ
J\UHV�LQFOXGH�D�QRUWKZDUG�IORZ�LQ�WKH�ZHVWHUQ�$WODQWLF�DQG�ZHVWHUQ�3DFLILF�PRYLQJ�WKH�ZDUP�ZDWHUV�WRZDUG�WKH�QRUWK�SROH��7KH
FRROHU�ZDWHUV�IORZ�VRXWK�LQ�WKH�HDVWHUQ�3DFLILF�DQG�$WODQWLF�LQ�LWV�UHWXUQ�WR�WKH�HTXDWRU��7KHUH�LV�RQH�SULPDU\�FLUFXODWLRQ�LQ�WKH
,QGLDQ�2FHDQ�DERXW�WKH�HTXDWRU�ZLWK�VHDVRQDO�YDULDELOLW\��%HORZ�DERXW����GHJUHHV�VRXWK�LV�WKH�HDVWZDUG�FLUFXPSRODU�FXUUHQW
DURXQG�$QWDUFWLFD��IROORZLQJ�WKH�GLUHFWLRQ�RI�WKH�VXUIDFH�ZLQGV�VLPLODU�WR�WKH�RWKHU�PDMRU�FXUUHQW�V\VWHPV��7KLV�YLVXDOL]DWLRQ
VKRZV�WKH�RFHDQ�VXUIDFH�FXUUHQWV�DQG�WHPSHUDWXUHV�DURXQG�WKH�ZRUOG�IURP�0DUFK������WKURXJK�0DUFK������

1RWDEOH�)HDWXUHV

7KH�YLVXDOL]DWLRQ�LV�D�V\QWKHVLV�RI�DOO�DYDLODEOH�JOREDO�VFDOH�RFHDQ�DQG�VHD�LFH�GDWD

7KH�JOREDO�VHD�VXUIDFH�FXUUHQW�IORZV�DUH�FRORUHG�E\�FRUUHVHSRQGLQJ�VHD�VXUIDFH�WHPSHUDWXUH

7KHUH�DUH�ILYH�VXEWURSLFDO�J\UHV�FDXVHG�E\�WKH�VXUIDFH�ZLQGV�FHQWHUHG�DURXQG�KLJK�SUHVVXUH�]RQHV�LQ�WKH�1RUWK�$WODQWLF�
1RUWK�3DFLILF��6RXWK�$WODQWLF��6RXWK�3DFLILF��DQG�WKH�,QGLDQ�2FHDQ�

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
1$6$�0RGHOLQJ��$QDO\VLV��DQG

3UHGLFWLRQ

'DWDVHW�'HYHORSHU
1$6$�0RGHOLQJ��$QDO\VLV��DQG

3UHGLFWLRQ

9LVXDOL]DWLRQ�'HYHORSHU
1$6$�6FLHQWLILF�9LVXDOL]DWLRQ

6WXGLR

&RQWDFW
1$6$�6FLHQWLILF�9LVXDOL]DWLRQ

6WXGLR

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��VHD�VXUIDFH�WHPSHUDWXUH�

FXUUHQWV��FLUFXODWLRQ��PRGHO��1$6$�

(&&2�

6HD�6XUIDFH�&XUUHQWV�DQG�7HPSHUDWXUH�ZLWK�*UD\�/DQG
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2FHDQ�&LUFXODWLRQ

'HVFULSWLRQ

7KH�RFHDQ�LV�QRW�D�VWLOO�ERG\�RI�ZDWHU��7KHUH�LV�FRQVWDQW�PRWLRQ�LQ�WKH

RFHDQ�LQ�WKH�IRUP�RI�D�JOREDO�RFHDQ�FRQYH\RU�EHOW�GXH�WR�WKHUPRKDOLQH

FXUUHQWV��7KHVH�FXUUHQWV�DUH�GHQVLW\�GULYHQ��ZKLFK�DUH�DIIHFWHG�E\�ERWK

WHPSHUDWXUH�DQG�VDOLQLW\��&ROG��VDOW\�ZDWHU�LV�GHQVH�DQG�VLQNV�WR�WKH

ERWWRP�RI�WKH�RFHDQ�ZKLOH�ZDUP�ZDWHU�LV�OHVV�GHQVH�DQG�ULVHV�WR�WKH

VXUIDFH��7KH��VWDUW��RI�WKH�RFHDQ�FRQYH\RU�EHOW�LV�LQ�WKH�1RUZHJLDQ�6HD�

:DUP�ZDWHU�LV�WUDQVSRUWHG�WR�WKH�1RUZHJLDQ�6HD�E\�WKH�*XOI�6WUHDP��7KH

ZDUP�ZDWHU�SURYLGHV�KHDW�IRU�WKH�DWPRVSKHUH�LQ�WKH�QRUWKHUQ�ODWLWXGHV�WKDW

JHWV�SDUWLFXODUO\�FROG�GXULQJ�WKH�ZLQWHU��7KLV�ORVV�RI�KHDW�WR�WKH�DWPRVSKHUH

PDNHV�WKH�ZDWHU�FRROHU�DQG�GHQVHU��FDXVLQJ�LW�WR�VLQN�WR�WKH�ERWWRP�RI�WKH

RFHDQ��$V�PRUH�ZDUP�ZDWHU�LV�WUDQVSRUWHG�QRUWK��WKH�FRROHU�ZDWHU�VLQNV

DQG�PRYHV�VRXWK�WR�PDNH�URRP�IRU�WKH�LQFRPLQJ�ZDUP�ZDWHU��7KLV�FROG

ERWWRP�ZDWHU�IORZV�VRXWK�RI�WKH�HTXDWRU�DOO�WKH�ZD\�GRZQ�WR�$QWDUFWLFD�

(YHQWXDOO\��WKH�FROG�ERWWRP�ZDWHUV�DUH�DEOH�WR�ZDUP�DQG�ULVH�WR�WKH

VXUIDFH��FRQWLQXLQJ�WKH�FRQYH\RU�EHOW�WKDW�HQFLUFOHV�WKH�JOREDO��,W�WDNHV

ZDWHU�DOPRVW������\HDUV�WR�PRYH�WKURXJK�WKH�ZKROH�FRQYH\RU�EHOW�

7KHUH�DUH�WZR�GDWDVHWV�WKDW�LOOXVWUDWH�WKH�RFHDQ�FLUFXODWLRQ��7KH�ILUVW�GDWDVHW�LV�DQ�DQLPDWLRQ�WKDW�VKRZV�WKH�PRYHPHQW�RI�WKH

RFHDQ�FRQYH\RU�EHOW�DQG�WKH�VHFRQG�GDWDVHW�LV�D�VWLOO�LPDJH�WKDW�KDV�WKH�PDMRU�RFHDQ�FXUUHQWV�ODEHOHG��,Q�ERWK�GDWDVHWV��VXUIDFH

ZDWHUV�DUH�WKH�UHG�OLQHV�DQG�FROG��ERWWRP�ZDWHUV�DUH�WKH�EOXH�OLQHV��&KDQJHV�LQ�RFHDQ�FLUFXODWLRQ�FRXOG�KDYH�GUDVWLF�LPSDFWV�RQ

WKH�FOLPDWH��7KH�WUDQVSRUW�RI�KHDW�DVVRFLDWHG�ZLWK�WKH�RFHDQ�FRQYH\RU�EHOW�SDUWLDOO\�PRGHUDWHV�WKH�FROG�WHPSHUDWXUHV�LQ�WKH�1RUWK�

$V�WKH�SROHV�ZDUP�GXH�WR�FOLPDWH�FKDQJH��PHOW�ZDWHU�IURP�LFH�DQG�JODFLHUV�HQWHUV�WKH�RFHDQ��7KLV�IUHVK�PHOW�ZDWHU�KDV�WKH

SRWHQWLDO�WR�VORZ�RU�HYHQ�VKXW�RII�WKH�RFHDQ�FLUFXODWLRQ��ZKLFK�LV�GHSHQGHQW�RQ�WHPSHUDWXUH�DQG�VDOLQLW\��7KH�GHQVLW\�RI�WKH�IUHVK

PHOW�ZDWHU�LV�OHVV�WKDQ�WKDW�RI�VDOW\�RFHDQ�ZDWHU��7KLV�FDXVHV�WKH�IUHVK�PHOW�ZDWHU�WR�IRUP�D�OD\HU�RQ�WKH�VXUIDFH�WKDW�FDQ�EORFN�WKH

ZDUP��VDOW\�RFHDQ�ZDWHU�IURP�WUDQVSRUWLQJ�KHDW�WR�WKH�DWPRVSKHUH��7KH�HIIHFW�ZRXOG�EH�D�FRROLQJ�RI�WKH�KLJKHU�ODWLWXGHV��,I�WKH

ZDUP�ZDWHU�LV�QRW�DEOH�WR�JLYH�RII�KHDW��LW�FDQ�QRW�FRRO�DQG�VLQN�WR�WKH�ERWWRP�RI�WKH�RFHDQ��7KLV�ZRXOG�GLVWXUE�WKH�FLUFXODWLRQ�RI�WKH

HQWLUH�RFHDQ�FRQYH\RU�EHOW�DQG�KDYH�D�QRWLFHDEOH�LPSDFW�RQ�WKH�FOLPDWH�LQ�WKH�QRUWKHUQ�ODWLWXGHV�

1RWDEOH�)HDWXUHV

&ROG�ERWWRP�FXUUHQWV�DUH�EOXH��ZDUP�VXUIDFH�FXUUHQWV�DUH�UHG

7UDQVSRUW�WKURXJK�WKH�ZKROH�FRQYH\RU�EHOW�FDQ�WDNH�XS�WR������\HDUV

&XUUHQWV�DUH�ODEHOHG�LQ�WKH�2FHDQ�&LUFXODWLRQ�GDWDVHW

5HODWHG�'DWDVHWV

'HWDLOV

&DWHJRU\

2FHDQ

$XGLR

1R

'DWDVHW�6RXUFH

1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

'DWDVHW�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

&RQWDFW

1$6$�*RGGDUG�6SDFH�)OLJKW

&HQWHU

'LUHFWRU\

)73�/LQN

.H\ZRUGV

2FHDQ��FRQYH\RU�EHOW��FXUUHQWV�

FOLPDWH�FKDQJH

2FHDQ�&RQYH\RU�%HOWV�$QLPDWLRQ
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2FHDQ�'UDLQ�ZLWK�/DQG

%DFNJURXQG�

2FHDQ�'UDLQ�ZLWK�*UD\

2FHDQ�)ORRU�

'HVFULSWLRQ

%HQHDWK�WKH�VHD�VXUIDFH�LV�DQ�DPD]LQJ�VHD�IORRU�WKDW�FRQWDLQV�PRXQWDLQ
UDQJHV��WUHQFKHV�DQG�SODLQV��7KH�RFHDQ�FRYHUV�����RI�WKH�(DUWK
V�VXUIDFH�
KDV�DQ�DUHD�RI�������������VTXDUH�PLOHV�DQG�DQ�DYHUDJH�GHSWK�RI����
PLOHV��'XH�WR�WKLV�YDVW�VL]H��RQO\�D�IHZ�SHUFHQW�WKH�VHD�IORRU�KDV�EHHQ
PDSSHG�E\�VKLSV��0DSV�RI�WKH�VHD�IORRU�DUH�FUHDWHG�E\�FRPELQLQJ
VRXQGLQJV�IURP�VKLSV��VRQDU�VFDQV�IURP�VKLSV��DQG�JUDYLW\�DQRPDOLHV�LQ
WKH�VHD�VXUIDFH�GHWHFWHG�E\�VDWHOOLWHV�

7KLV�GDWDVHW�JUDGXDOO\�UHYHDOV�WKH�VHD�IORRU�DV�WKH�RFHDQ�LV��GUDLQHG���7KH
VFDOH�LQ�WKH�GDWDVHW�VKRZV�WKH�GLVWDQFH�EHORZ�VHD�OHYHO�LQ�PHWHUV�DQG
PLOHV��$V�VHOHFWHG�IHDWXUHV�DUH�UHYHDOHG��D�ODEHO�DSSHDUV��)RU�WKLV
DQLPDWLRQ��WKH�ODEHOHG�DUHDV�LQFOXGH�0DULDQD�7UHQFK��7RQJD�7UHQFK�
3XHUWR�5LFR�7UHQFK��+DZDLLDQ�,VODQGV��*UDQG�%DQNV��0LG�$WODQWLF�5LGJH
DQG�1LQHW\�(DVW�5LGJH��7KH�GHHSHVW�DUHD�LQ�WKH�RFHDQ�LV�WKH�0DULDQD
7UHQFK��ZKLFK�LV������PLOHV���������PHWHUV��GHHS��7KH�ORQJHVW�PRXQWDLQ
UDQJH�LQ�WKH�ZRUOG�LV�WKH�0LG�$WODQWLF�5LGJH��ZKLFK�UXQV�WKURXJK�WKH
PLGGOH�RI�WKH�$WODQWLF�2FHDQ��7KHUH�DUH�WZR�YHUVLRQV�RQ�WKLV�GDWDVHW�WKDW

DUH�IXOO\�ODEHOHG�ZLWK�D�FRORUL]HG�VHDIORRU�EDVHG�RQ�EDWK\PHWU\��RQH�ZLWK�WKH�ODQG�VKDGHG�LQ�WUXH�FRORU�DQG�RQH�ZLWK�WKH�ODQG
VKDGHG�EDVHG�RQ�HOHYDWLRQ��$�WKLUG�YHUVLRQ�RI�WKLV�GDWDVHW�LV�DYDLODEOH�ZLWK�QR�ODEHOV�DQG�WKH�ODQG�VKDGHG�LQ�WUXH�FRORU�ZLWK�WKH
RFHDQV�VKDGHG�JUD\�

1RWDEOH�)HDWXUHV

6HYHUDO�SURPLQHQW�ULGJHV�DQG�WUHQFKHV�DUH�LGHQWLILHG

7KH�VFDOH�VKRZV�WKH�GLVWDQFH�EHORZ�VHD�OHYHO�LQ�PHWHUV�DQG�PLOHV

7KH�GHHSHVW�SDUW�RI�WKH�RFHDQ�LV�LQ�WKH�0DULDQD�7UHQFK�DW������PLOHV�EHORZ�VHD�OHYHO

5HODWHG�'DWDVHWV

'HWDLOV

&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
:DOWHU�6PLWK��12$$

'DWDVHW�'HYHORSHU
:DOWHU�6PLWK��12$$

9LVXDOL]DWLRQ�'HYHORSHU
'DQ�3LVXW��12$$�(QYLURQPHQWDO

9LVXDOL]DWLRQ�/DE

&RQWDFW
:DOWHU�6PLWK

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��VHD�IORRU��WRSRJUDSK\�

PDSSLQJ

2FHDQ�'UDLQ�ZLWK�(WRSR�%DFNJURXQG
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0HGLD�3UHYLHZ

5HDO�WLPH��*/$36

*UHHQ�)UDFWLRQ

5HDO�WLPH��*/$36�6)&

7HPSHUDWXUH��)���

:LQG��NW�

5HDO�WLPH��*/$36

���PE�+HLJKW���:LQG

��:LQGVSHHG��NW�

5HDO�WLPH��*/$36�6)&

3UHVVXUH���:LQG��

:LQGVSHHG��NW�

5HDO�WLPH��*/$36�7RWDO

3UHFLSLWDEOH�:DWHU��FP�

'HVFULSWLRQ

7KH�*OREDO�$QDO\VLV�DQG�3UHGLFWLRQ�6\VWHP��*/$36��SURGXFHV�PDSV�IRU

VHYHUDO�ZHDWKHU�SDUDPHWHUV�RYHU�D�ODUJH�JOREDO�GRPDLQ��7KHUH�DUH�VHYHQ

*/$36�SURGXFWV�DYDLODEOH�IRU�6FLHQFH�2Q�D�6SKHUH
�
��,W�LV�LPSRUWDQW�IRU

PHWHRURORJLVWV�WR�NQRZ�WKH�FXUUHQW�FRQGLWLRQV��QRW�RQO\�LQ�WKHLU�ORFDO�DUHD�

EXW�DOVR�JOREDOO\��$�FRPSXWHU�PRGHO�LV�XVHG�WR�FUHDWH�D�ILUVW�JXHVV�DV�WR

ZKDW�WKH�PDS�VKRXOG�ORRN�OLNH��DQG�WKHQ�REVHUYDWLRQV�DUH�DGGHG�WR

HQKDQFH�WKH�PDS��7KH�REVHUYDWLRQV�FRPH�IURP�'RSSOHU�UDGDUV��VDWHOOLWHV�

ZLQG�DQG�WHPSHUDWXUH�SURILOHUV��UDGLRPHWULF�SURILOHUV��DV�ZHOO�DV�DLUFUDIW�

*/$36�LV�VXFK�D�SRZHUIXO�WRRO�EHFDXVH�RI�LWV�DELOLW\�WR�FRQVROLGDWH

REVHUYDWLRQV�IURP�VR�PDQ\�GLIIHUHQW�VRXUFHV��7KH�*/$36�GDWDVHWV�DUH

DYDLODEOH�LQ�UHDO�WLPH��XSGDWLQJ�KRXUO\��DQG�LQFOXGH�WKH�GDWD�IRU�WKH�SDVW

ZHHN�

2QH�RI�WKH�VHYHQ�*/$36�GDWDVHWV�LV�QRW�UHDO�WLPH��,W�LV�D�PDS�RI�WKH

IUDFWLRQ�RI�WKH�(DUWK�WKDW�LV�JUHHQ�GXULQJ�WKH�\HDU��7KLV�GDWDVHW�VKRZV�KRZ

WKH��JUHHQ�IUDFWLRQ��FKDQJHV�GXULQJ�WKH�\HDU�IURP�-DQXDU\�WR�'HFHPEHU�

%URZQ�DUHDV�KDYH�QR�YHJHWDWLRQ�ZKLOH�JUHHQHU�DUHDV�UHSUHVHQW

YHJHWDWLRQ��7KH�RWKHU�VL[�*/$36�GDWDVHWV�DOO�XSGDWH�KRXUO\��7KH�ILUVW�LV�D�PDS�RI�WKH�JURXQG�DQG�VHD�VXUIDFH�WHPSHUDWXUH�LQ

GHJUHHV�)DKUHQKHLW��7KH�VHFRQG�PDS�VKRZV�VXUIDFH�DLU�WHPSHUDWXUH�DV�DQ�LPDJH�ZLWK�VXUIDFH�DLU�WHPSHUDWXUH�FRQWRXUV�DQG

ZLQG�EDUEV�RYHUODLG��7KH�WKLUG�PDS�LV�DQ�LPDJH�RI�WKH�ZLQG�VSHHG�DW����PE�LQ�NQRWV�ZLWK�ZLQG�EDUEV�DQG����PE�KHLJKW�FRQWRXUV

RYHUODLG��7KH�IRXUWK�PDS�LV�VLPLODU�WR�WKH�WKLUG��EXW�LV�IRU�WKH�VXUIDFH��,W�LV�DQ�LPDJH�RI�WKH�ZLQG�VSHHG�LQ�NQRWV�DW�WKH�VXUIDFH�ZLWK

ZLQG�EDUEV�DQG�WKH�VXUIDFH�SUHVVXUH�FRQWRXUV�RYHUODLG��7KH�ILIWK�PDS�LV�DQ�LPDJH�RI�LQWHJUDWHG�ZDWHU�YDSRU��,:9��LQ�FHQWLPHWHUV�

7KH�VL[WK�PDS�LV�D�UDGDU�UHIOHFWLYLW\�LPDJH�WKDW�FRQWDLQV�UDGDU�GDWD�IURP�WKH�1DWLRQDO�:HDWKHU�6HUYLFH�LQ�WKH�8QLWHG�6WDWHV�DQG

WKH�&HQWUDO�:HDWKHU�%XUHDX�LQ�7DLZDQ��5DGDU�GDWD�LV�FXUUHQWO\�XQDYDLODEOH�IRU�RWKHU�FRXQWULHV��&RORUEDUV�IRU�HDFK�RI�WKH�GDWDVHWV

DUH�EHORZ��&OLFN�WKH�FRORUEDUV�WR�ZDWFK�YLGHRV�RI�WKH�GDWDVHWV

1RWDEOH�)HDWXUHV

*/$36�6HD�6XUIDFH���*URXQG�7HPSHUDWXUH�LQ��)���PE�

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

$WPRVSKHUH

$XGLR

1R

'DWDVHW�6RXUFH

12$$�*/$36

'DWDVHW�'HYHORSHU

6WHYH�$OEHUV�12$$�*6'

9LVXDOL]DWLRQ�'HYHORSHU

6WHYH�$OEHUV�12$$�*6'

&RQWDFW

6WHYH�$OEHUV

'LUHFWRU\

)73�/LQN

.H\ZRUGV

5HDO�WLPH��*/$36��ZHDWKHU�PRGHO�

SUHFLSLWDEOH�ZDWHU��WHPSHUDWXUH�

ZLQG��SUHVVXUH

5HDO�WLPH��*/$36�6HD�6XUIDFH���*URXQG�7HPSHUDWXUH��)�
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0HGLD�3UHYLHZ

5HDO�WLPH��1(6',6
$068���3UHFLSLWDEOH

+�2

'HVFULSWLRQ

7KH�DWPRVSKHUH�FRQWDLQV�DQ�HQRUPRXV�DPRXQW�RI�PRLVWXUH�WKDW�FLUFXODWHV
DURXQG�WKH�JOREH��+RZHYHU��QRW�DOO�RI�LW�DFWXDOO\�FRQGHQVHV�LQWR�UDLQ��VOHHW�
RU�VQRZ�VLQFH�WKH�ULJKW�EDODQFH�RI�SUHVVXUH�DQG�WHPSHUDWXUH�DUH�QHHGHG
WR�FUHDWH�SUHFLSLWDWLRQ��7RWDO�SUHFLSLWDEOH�ZDWHU��73:��LQ�WKH�DWPRVSKHUH�LV
WKH�DPRXQW�RI�ZDWHU�WKDW�FDQ�EH�REWDLQHG�IURP�WKH�VXUIDFH�WR�WKH��WRS��RI
WKH�DWPRVSKHUH�LI�DOO�RI�WKH�ZDWHU�DQG�ZDWHU�YDSRU�ZHUH�FRQGHQVHG�WR�D
OLTXLG�SKDVH��6LJQLILFDQW�IHDWXUHV�WKDW�FDQ�EH�LGHQWLILHG�LQ�73:�GDWD�DUH
WKH�DWPRVSKHULF�ULYHUV�WKDW�IORZ�RII�WKH�RFHDQV�DQG�RQWR�FRDVWDO�ODQG
DUHDV��$�IDPRXV�H[DPSOH�LV�WKH�3LQHDSSOH�([SUHVV�WKDW�IRUPV�LQ�WKH
1RUWKHDVW�3DFLILF�DQG�LPSDFWV�WKH�1RUWKZHVW�8QLWHG�6WDWHV��$OVR�QRWLFH
KRZ�73:�YDOXHV�DUH�PXFK�JUHDWHU�RYHU�WKH�HTXDWRU�DQG�RFHDQ��+LJK
OHYHOV�RI�HYDSRUDWLRQ�LQ�WKHVH�DUHDV�DUH�RQH�RI�WKH�SULPDU\�GULYHUV�RI
DWPRVSKHULF�FLUFXODWLRQ�

7KH�ODQG��RFHDQ��DQG�DWPRVSKHUH�DOO�HPLW�PLFURZDYH�UDGLDWLRQ�ZKLFK�FDQ
EH�PHDVXUHG�E\�VHQVRUV�RQ�VDWHOOLWHV��DOORZLQJ�VFLHQWLVWV�WR�VWXG\�YDULRXV
DVSHFWV�RI�WKH�(DUWK��0LFURZDYH�VRXQGHUV�DUH�DEOH�WR�PHDVXUH�YHU\�ORZ

OHYHOV�RI�PLFURZDYH�UDGLDWLRQ�QDWXUDOO\�HPLWWHG�E\
WKH�(DUWK�DW�GLIIHUHQW�IUHTXHQFLHV��(YHQ�ZDWHU�YDSRU
HPLWV�PLFURZDYH�UDGLDWLRQ�WKDW�FDQ�EH�PHDVXUHG�E\
PLFURZDYH�VRXQGHUV��7KHUH�DUH�WZR�GDWDVHWV�IRU
73:�IRU�6FLHQFH�2Q�D�6SKHUH��7KH�ILUVW�GDWDVHW�XVHV
GDWD�IURP�WKH�$GYDQFHG�0LFURZDYH�6RXQGLQJ�8QLW�
$068��ZKLFK�LV�DWWDFKHG�WR�WKH�12$$�3RODU
(QYLURQPHQWDO�2UELWLQJ�6DWHOOLWHV�12$$�����12$$
����DQG�12$$�����(DFK�VDWHOOLWH�SURYLGHV�IXOO
FRYHUDJH�RI�WKH�(DUWK�HYHU\GD\�E\�RUELWLQJ�WKH�JOREH
�����WLPHV�SHU�GD\�FROOHFWLQJ�D�VZDWK�RI�GDWD������PLOHV�ZLGH�RQ�HDFK�RUELW��7KH�VHFRQG�GDWDVHW�XVHV�GDWD�IURP�WKH�$068�DQG
WKH�6SHFLDO�6HQVRU�0LFURZDYH�,PDJHU��660�,��ZKLFK�LV�FDUULHG�RQ�'HIHQVH�0HWHRURORJLFDO�6DWHOOLWH�3URJUDP�VDWHOOLWHV��%RWK�DUH
SURYLGHG�LQ�QHDU�UHDO�WLPH��7KH�$068�GDWDVHW�LV�XSGDWHG�KRXUO\�DQG�WKH�$068�660,�FRPELQHG�GDWDVHW�LV�XSGDWHG�GDLO\�

1RWDEOH�)HDWXUHV

7URSLFV�JHQHUDOO\�KDYH�KLJK�WRWDO�SUHFLSLWDEOH�ZDWHU

$UHDV�RI�KLJK�WRWDO�SUHFLSLWDEOH�ZDWHU�W\SLFDOO\�LQGLFDWHG�FORXGV�DQG�SUHFLSLWDWLRQ

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
$WPRVSKHUH

$XGLR
1R

'DWDVHW�6RXUFH
$GYDQFHG�0LFURZDYH�6RXQGLQJ

8QLW�3URMHFW�DQG�6SHFLDO�6HQVRU

0LFURZDYH�,PDJHU

'DWDVHW�'HYHORSHU
12$$�9LVXDOL]DWLRQ�/DE

9LVXDOL]DWLRQ�'HYHORSHU
12$$�9LVXDOL]DWLRQ�/DE

&RQWDFW
12$$�9LVXDOL]DWLRQ�/DE

'LUHFWRU\
)73�/LQN

.H\ZRUGV
$WPRVSKHUH��WRWDO�SUHFLSLWDEOH

ZDWHU��VDWHOOLWH

5HDO�WLPH��7RWDO�3UHFLSLWDEOH�:DWHU
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0HGLD�3UHYLHZ

'HVFULSWLRQ

7RXFK�WKH�JURXQG�DQG�\RX�ZLOO�IHHO�WKH�ODQG�VXUIDFH�WHPSHUDWXUH��6DWHOOLWHV

FDQ�DOVR�PHDVXUH�WKLV�WHPSHUDWXUH�IURP�VSDFH��DQG�WKDW�GDWD�LV�SORWWHG

KHUH��7KRXJK�UHODWHG��ODQG�VXUIDFH�WHPSHUDWXUH�LV�QRW�WKH�VDPH�DV�DLU

WHPSHUDWXUH�VLQFH�WKH�ODQG�VXUIDFH�KHDWV�DQG�FRROV�PRUH�TXLFNO\�WKDQ�DLU�

/DQG�VXUIDFH�WHPSHUDWXUH�LV�DOVR�JUHDWO\�LQIOXHQFH�E\�ODQG�XVH�DQG�FRYHU�

EDUH��XQ�YHJHWDWHG�ODQGV�VXFK�DV�GHVHUWV�DUH�DEOH�WR�KHDW�XS�WR�PXFK

JUHDWHU�WHPSHUDWXUHV�WKDQ�DUHDV�DW�WKH�VDPH�ODWLWXGH�WKDW�DUH�IRUHVWHG�

7KLV�GDWD�LV�H[WHQVLYHO\�XVHG�IRU�PRGHOLQJ�ZHDWKHU�DQG�FOLPDWH��DORQJ�ZLWK

DSSOLFDWLRQV�VXFK�DV�DJULFXOWXUH�

7KH�GDWD�SORWV�VKRZQ�KHUH�DUH�JHQHUDWHG�E\�DYHUDJLQJ�DOO�RI�WKH�GDWD

FROOHFWHG�E\�WKH�12$$�$068�DQG�'063�660�,�PLFURZDYH�VHQVRUV�IURP��

GLIIHUHQW�SRODU�RUELWLQJ�VDWHOOLWHV�RYHU�D����KRXU�SHULRG��%OXH�DUHDV�DUH

FRRO�DQG�RUDQJH�DUHDV�DUH�ZDUP�

1RWDEOH�)HDWXUHV

$UHDV�RI�KLJKHU�DOWLWXGH�WHQG�WR�EH�FRROHU�WKDQ�VXUURXQGLQJ�DUHDV

/DQG�VXUIDFH�WHPSHUDWXUH�LV�VWURQJO\�LQIOXHQFHG�E\�ODQG�XVH�DQG�FRYHU

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\

/DQG

$XGLR

1R

'DWDVHW�6RXUFH

12$$

'DWDVHW�'HYHORSHU

12$$�9LVXDOL]DWLRQ�/DE

9LVXDOL]DWLRQ�'HYHORSHU

12$$�9LVXDOL]DWLRQ�/DE

&RQWDFW

12$$�9LVXDOL]DWLRQ�/DE

'LUHFWRU\

)73�/LQN

.H\ZRUGV

/DQG��VXUIDFH�WHPSHUDWXUHV�

VHDVRQV

5HDO�WLPH��/DQG�6XUIDFH�7HPSHUDWXUH



8/10/12 Datasets | Science On a Sphere

1/1sos.noaa.gov/Datasets/dataset.php?id=193

0HGLD�3UHYLHZ

'HVFULSWLRQ

7KH�FU\RVSKHUH��DUHDV�FRYHUHG�E\�LFH��VQRZ��JODFLHUV��RU�SHUPDIURVW��LV�DQ
H[WUHPHO\�G\QDPLF�SDUW�RI�WKH�JOREDO�V\VWHP��&KDQJHV�LQ�WKH�VHDVRQV�DQG
FOLPDWH�EULQJ�JUHDW�FKDQJHV�WR�WKH�H[WHQW�RI�(DUWK
V�FU\RVSKHUH��8VLQJ
VDWHOOLWH�GDWD�DOORZV�VFLHQWLVWV�WR�NHHS�D�FRQWLQXDO�H\H�RQ�WKHVH�DUHDV�

,QIUDUHG�DQG�PLFURZDYH�GDWD�IURP�PXOWLSOH�VDWHOOLWHV�LQFOXGLQJ�WKH�12$$
V
*2(6�,PDJHU�DQG�32(6�$9+55��86�$LU�)RUFH�'063�660,��DQG
(80(76$7�06*�6(9,5,�VHQVRUV�LV�FRPELQHG�WR�FUHDWH�WKHVH�GDLO\�PDSV
RI�JOREDO�VQRZ�DQG�LFH�FRYHU�RI�WKH�SODQHW��8VLQJ�PXOWLSOH�GDWDVHWV
SURYLGHV�UHODWLYHO\�KLJK�VSDWLDO�UHVROXWLRQ��DERXW���NP�SL[HO��GDLO\�PDSV�LQ
DOO�ZHDWKHU�FRQGLWLRQV��/LJKW�EOXH�DUHDV�LQGLFDWH�VHD�LFH�H[WHQW��ZKHUHDV
ZKLWH�FRORUV�LQGLFDWH�DOO�RWKHU�DUHDV�RI�WKH�FU\RVSKHUH��7KLV�626�GDWDVHW�LV
XSGDWHG�RQ�D�GDLO\�EDVLV�LQ�QHDU�UHDO�WLPH�

1RWDEOH�)HDWXUHV

7KH�VHDVRQDO�YDULDWLRQV�DUH�YHU\�FOHDU

'XULQJ�WKH�ZLQWHU�PRQWKV��WKH�HIIHFWV�RI�SDVVLQJ�VQRZ�VWRUPV�LV�YLVLEOH

,Q�WKH�1RUWKHUQ�+HPLVSKHUH��WKH�PLQLPXP�LFH�FRQFHQWUDWLRQ�RFFXUV�LQ�6HSWHPEHU�DQG�WKH�PD[LPXP�LV�LQ�0DUFK

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
12$$��86$)��(80(76$7

'DWDVHW�'HYHORSHU
12$$

9LVXDOL]DWLRQ�'HYHORSHU
12$$�9LVXDOL]DWLRQ�/DE

&RQWDFW
12$$�9LVXDOL]DWLRQ�/DE

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��VQRZ��VHD�LFH��UHDO�WLPH

5HDO�WLPH��6QRZ�DQG�,FH�&RYHU
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1/1sos.noaa.gov/Datasets/dataset.php?id=83

0HGLD�3UHYLHZ

%OXH�0DUEOH�����GHJUHH
WLOW�

(DUWK�ZLWK�9HJHWDWLRQ %OXH�0DUEOH�DQG
1LJKWOLJKWV

'HVFULSWLRQ

7KH�%OXH�0DUEOH�LV�DQ�LQFUHGLEO\�GHWDLOHG��WUXH�FRORU�GHSLFWLRQ�RI�WKH�(DUWK�

1$6$�LV�UHVSRQVLEOH�IRU�WKLV�GDWDVHW�PDGH�IURP�D�FRPSLODWLRQ�RI�VDWHOOLWH

LPDJHV�WKURXJKRXW�������0RVW�RI�WKH�LQIRUPDWLRQ�FDPH�IURP�1$6$
V

02',6��WKH�0RGHUDWH�5HVROXWLRQ�,PDJLQJ�6SHFWURUDGLRPHWHU��ZKLFK�LV

DWWDFKHG�WR�WKH�7HUUD�VDWHOOLWH�����PLOHV�DERYH�(DUWK��7KH�EDFNJURXQG

LPDJH�RI�WKH�ODQG�DQG�RFHDQV�ZDV�FUHDWHG�XVLQJ�GDWD�IURP�-XQH�WKURXJK

6HSWHPEHU�RI�������7KLV�FRXOG�QRW�EH�GRQH�LQ�D�VLQJOH�GD\�RU�HYHQ�D�ZHHN

EHFDXVH�RQ�DQ\�JLYHQ�GD\�FORXGV�DUH�EORFNLQJ�D�VLJQLILFDQW�SRUWLRQ�RI�WKH

VXUIDFH��7KH�FORXG�LPDJH�LV�D�FRPSRVLWH�RI�WKUHH�GD\V�ZRUWK�RI�GDWD��7KH

ILUVW�WZR�GD\V�RI�GDWD�ZHUH�FROOHFWHG�LQ�WKH�YLVLEOH�ZDYHOHQJWK�DQG�WKH�WKLUG

GD\�ZDV�QHHGHG�WR�JHW�D�YLHZ�RI�WKH�FORXGV�RYHU�WKH�SROHV�XVLQJ�WKHUPDO

LQIUDUHG�LPDJHU\�

7KH�VKDGLQJ�LV�WUXH�FRORU�ZLWK�WKH�RFHDQV�VKDGHV�RI�EOXH��WKH�FORXGV�ZKLWH

DQG�WKH�ODQGV�YDU\LQJ�IURP�JUHHQ�WR�EURZQ��7KH�EURZQ�DUHDV�DUH�WKH

VDQGV�RI�WKH�GHVHUWV��7KH�VKDGLQJ�RI�WKH�ODQG�ZDV�GRQH�XVLQJ�D�GDWDVHW

FRPSLOHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\
V�(DUWK�5HVRXUFHV�2EVHUYDWLRQ

DQG�6FLHQFH�'DWD�&HQWHU�

$GGLWLRQDO�%OXH�0DUEOH�GDWDVHWV�DUH�DYDLODEOH�WR�KLJKOLJKW�VRPH�RI�WKH�FKDUDFWHULVWLFV�RI�WKH�FKDQJLQJ�(DUWK��7KH�VWDQGDUG�%OXH

0DUEOH�LV�D�\HDU�ORQJ�FRPSRVLWH�WR�VKRZ�DQ�DYHUDJH�YLHZ�RI�WKH�HDUWK��7KH�%OXH�0DUEOH�ZLWKRXW�FORXGV�LV�DOVR�DYDLODEOH�LQ

PRQWKO\�FRPSRVLWHV�WKH�HQWLUH�\HDU��7KLV�PRQWKO\�HYROXWLRQ�LV�WKH�VHDVRQDO�EOXH�PDUEOH��7KH�PRQWKO\�HYROXWLRQ�DOORZV�DXGLHQFHV

WR�VHH�WKH�FKDQJLQJ�DSSHDUDQFH�RI�WKH�(DUWK�GXH�WR�WKH�VHDVRQ�FKDQJHV��7KH�PRVW�GUDPDWLF�FKDQJH�LV�WKH�H[SDQVLRQ�RI�WKH

VQRZ�FRYHU�GXULQJ�WKH�ZLQWHU�PRQWKV�DQG�WKHQ�WKH�GHSOHWLRQ�RI�LW�GXULQJ�WKH�VXPPHU�PRQWKV��%OXH�0DUEOH��1H[W�*HQHUDWLRQ
SURYLGHV�DQ�XSGDWHG�YHUVLRQ�RI�WKH�VHDVRQDO�FKDQJHV�GDWDVHW��7KH�%OXH�0DUEOH�LV�DOVR�DYDLODEOH�ZLWKRXW�WKH�FORXG�FRYHU�VR�WKDW

WKH�YHJHWDWLRQ�FDQ�EH�FOHDUO\�VHHQ��7KLV�GDWDVHW�KDV�DOVR�EHHQ�PHUJHG�ZLWK�WKH�1LJKWWLPH�/LJKWV�GDWDVHW��WR�FUHDWH�D�QHZ
GDWDVHW��7KH�QHZ�GDWDVHW�VKRZV�WKH�(DUWK�ZLWK�GD\WLPH�DQG�QLJKWWLPH�YLHZV�RI�WKH�(DUWK��WR�GHPRQVWUDWH�KRZ�RQO\�KDOI�RI�WKH

(DUWK�LV�LOOXPLQWDWHG�DW�RQH�WLPH�

1RWDEOH�)HDWXUHV

9DVWQHVV�RI�WKH�6DKDUD�'HVHUW

6KDGLQJ�GRQH�LQ�WUXH�FRORU��JLYHV�(DUWK
V�DSSHDUDQFH�IURP�VSDFH

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

/DQG

$XGLR

1R

'DWDVHW�6RXUFH

1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

'DWDVHW�'HYHORSHU

1$6$�*RGGDUG�6SDFH�)OLJKW
&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU

1$6$

&RQWDFW

%HWK�5XVVHOO

'LUHFWRU\

)73�/LQN

.H\ZRUGV

/DQG��6RODU�6\VWHP��(DUWK��%OXH
0DUEOH

6HDVRQDO�%OXH�0DUEOH
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0HGLD�3UHYLHZ

:HHNO\�6HD�,FH�-XO\
�������$XJXVW�����

�RYHU�(9��

:HHNO\�6HD�,FH�IURP
�������������HYHU\���

GD\V��

'HVFULSWLRQ

6HD�LFH�LV�VLPSO\�RFHDQ�ZDWHU�WKDW�KDV�IUR]HQ��$W�OHDVW�����RI�WKH�RFHDQ�LV

FRYHUHG�E\�VHD�LFH�VRPH�SDUW�RI�WKH�\HDU��7KLV�PHDQV�WKDW�RQ�DYHUDJH��VHD

LFH�FRYHUV�DOPRVW����PLOOLRQ�VTXDUH�PLOHV��DERXW����PLOOLRQ�VTXDUH

NLORPHWHUV��RI�WKH�(DUWK��6HD�LFH�FRQFHQWUDWLRQV�DUH�PRQLWRUHG�FORVHO\�E\

VFLHQWLVWV�EHFDXVH�FKDQJLQJ�VHD�LFH�FRQFHQWUDWLRQV�FDQ�KDYH�D�KXJH

LPSDFW�RQ�WKH�UHVW�RI�WKH�JOREH��*OREDO�ZDUPLQJ�LV�DPSOLILHG�LQ�SRODU

UHJLRQV��%HFDXVH�RI�WKLV��PRQLWRULQJ�FKDQJHV�LQ�VHD�LFH�FDQ�EH�D�JRRG

LQGLFDWRU�RI�FOLPDWH�FKDQJH��7KH�1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU

PRQLWRUV�VHD�LFH�FRQFHQWUDWLRQV�XVLQJ�D�VDWHOOLWH�GDWD�UHFRUG�WKDW�EHJLQV�LQ

������7KH�6SHFLDO�6HQVRU�0LFURZDYH�,PDJHU��660�,��LV�WKH�FXUUHQW

PRQLWRULQJ�LQVWUXPHQW��7KH�VHD�LFH�FRQFHQWUDWLRQ�GDWDVHW�LV�RQ�D���NP�FHOO

VL]H�JULG�FRYHULQJ�ERWK�$UFWLF�DQG�$QWDUFWLF�SRODU�UHJLRQV�

7KHUH�DUH�WKUHH�GLIIHUHQW�VHD�LFH�FRQFHQWUDWLRQ�GDWDVHWV�DYDLODEOH�IRU

6FLHQFH�2Q�D�6SKHUH��7KH�ILUVW�LV�VHD�LFH�FRQFHQWUDWLRQ�HYHU\�WHQ�GD\V

IURP��������������6HD�LFH�FRQFHQWUDWLRQ�IRU�HYHU\�VL[�GD\V�LV�DYDLODEOH

IURP��������������7KHVH�GDWDVHWV�VKRZ�WKH�JURZWK�DQG�GHFD\�RI�VHD�LFH

FRQFHQWUDWLRQ�WKURXJKRXW�WKH�\HDU��,Q�WKH�$UFWLF��WKH�PD[LPXP�FRYHUDJH�RFFXUV�LQ�0DUFK�DQG�WKH�PLQLPXP�FRYHUDJH�RFFXUV�LQ

6HSWHPEHU�XVXDOO\��7KH�RSSRVLWH�LV�WUXH�IRU�$QWDUFWLF��ZKHUH�WKH�PLQLPXP�RFFXUV�LQ�0DUFK�DQG�WKH�PD[LPXP�RFFXUV�LQ

6HSWHPEHU��$Q�LQWHUHVWLQJ�SRLQW�WR�QRWH�LQ�WKH�ORQJ�GDWDVHW�LV�WKDW�WKH�H[WHQW�RI�VHD�LFH�LQ�WKH�$UFWLF�LV�VKULQNLQJ��ZKLOH�WKH

$QWDUFWLF�VHD�LFH�LV�QRW�WUHQGLQJ�GRZQZDUG��7KH�WKLUG�GDWDVHW�VKRZV�RQO\�6HSWHPEHUV�IURP��������������6HSWHPEHU�ZDV�FKRVHQ

WR�KLJKOLJKW�WKH�FKDQJH�LQ�WKH�$UFWLF�PLQLPXP�VHD�LFH�FRQFHQWUDWLRQ�WKURXJK�WLPH��7KH�GHFUHDVH�LQ�VHD�LFH�FRYHUDJH�LV�DSSDUHQW

LQ�WKLV�GDWDVHW�

1RWDEOH�)HDWXUHV

6HDVRQDO�FKDQJH�RI�VHD�LFH

6KULQNLQJ�RI�$UWLF�VHD�LFH�FRQFHQWUDWLRQ��HVSHFLDOO\�LQ�VXPPHUV

7KH�GLVDSSHDUDQFHH�RI�WKH�2GGHQ��D�WKXPE�VKDSHG�VHD�LFH�IHDWXUH�HDVW�RI�*UHHQODQG��ZKLFK�RIWHQ�LV�YLVLEOH�SULRU�WR�WKH�ODWH

����
V

7KH�PLQLPXP�VHD�LFH�FRQFHQWUDWLRQ�LQ������VKDWWHUHG�WKH�SUHYLRXV�PLQLPXP�VHD�LFH�UHFRUG�VHW�LQ������E\�����DQG

FRQWDLQHG�����OHVV�LFH�WKDQ�WKH������WR������DYHUDJH�

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

2FHDQ

$XGLR

1R

'DWDVHW�6RXUFH

1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU

'DWDVHW�'HYHORSHU

)ORUHQFH�)HWWHUHU��0DWW�6DYRLH�

16,'&

9LVXDOL]DWLRQ�'HYHORSHU

0LNH�%LHUH��12$$�*6'

&RQWDFW

)ORUHQFH�)HWWHUHU��0DWW�6DYRLH

'LUHFWRU\

)73�/LQN

.H\ZRUGV

2FHDQ��VHD�LFH�FRQFHQWUDWLRQ�

FOLPDWH�FKDQJH

6HSWHPEHU�6HD�,FH�/HYHOV�IURP������������
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0HGLD�3UHYLHZ

'HVFULSWLRQ

,Q�RUGHU�WR�PRQLWRU�WKH�ILUHV�RFFXUULQJ�JOREDOO\��D�VSHFLDO�VHQVRU�KDV�EHHQ

PRXQWHG�RQ�WKH�7HUUD�DQG�$TXD�VDWHOOLWHV��7KH�VHQVRU��QDPHG�WKH

0RGHUDWH�5HVROXWLRQ�,PDJLQJ�6SHFWURUDGLRPHWHU��02',6���LV�DEOH�WR

SURYLGH�GDLO\�VDWHOOLWH�LPDJHV�RI�WKH�(DUWK
V�ODQGPDVVHV�LQ�QHDU�UHDO�WLPH

XVLQJ�WKH�02',6�5DSLG�5HVSRQVH�6\VWHP��7KHUH�DUH�PDQ\�XVHV�IRU�WKH

GDWD�FROOHFWHG�IURP�02',6��VXFK�DV�PRQLWRULQJ�JOREDO�ILUHV�E\�GHWHFWLQJ

WKH�DEQRUPDOO\�KLJK�WHPSHUDWXUH�DQRPDOLHV�DW�WKH�VXUIDFH��:KHQ�D

ORFDWLRQ�LV�PXFK�ZDUPHU�WKDQ�WKH�VXUURXQGLQJ�DUHD��LW�VXJJHVWV�WKH

SUHVHQFH�RI�D�ILUH�RU�D�ODYD�IORZ��,W�LV�LPSRUWDQW�WR�NQRZ�WKH�VL]H��ORFDWLRQ

DQG�LQWHQVLW\�RI�ILUHV�EHFDXVH�RI�WKH�GDPDJH�WKDW�WKH\�FDQ�FDXVH��DQG�DOVR

WR�KHOS�VFLHQWLVWV�XQGHUVWDQG�WKH�HPLVVLRQV�IURP�WKH�ILUHV�DQG�WKHLU�VKRUW�

DQG�ORQJ�WHUP�HIIHFWV�RQ�HFRV\VWHPV�

7KH�ILUH�PDSV�DYDLODEOH�IRU�6FLHQFH�2Q�D�6SKHUH
�
�GLVSOD\�DOO�RI�WKH�ILUHV

DFFXPXODWHG�RYHU����GD\�SHULRGV��2YHU�WKH�FRXUVH�RI�D�\HDU�����PDSV�DUH

JHQHUDWHG���7KH���WK�PDS�LQFOXGHV�D�IHZ�GD\V�IURP�WKH�IROORZLQJ�\HDU��

(YHU\�ILUH�WKDW�RFFXUUHG�RYHU�WKH����GD\�SHULRG�LV�LQGLFDWHG�E\�D�GRW��7KH

GRWV�DUH�FRORUHG�IURP�UHG�WR�LQGLFDWH�D�ORZ�ILUH�FRXQW�WKURXJK�\HOORZ�WR�LQGLFDWH�D�KLJK�ILUH�FRXQW��7KH�ORFDWLRQ�RI�ZLGHVSUHDG�ILUHV

YDULHV�WKURXJK�WKH�\HDU�ZLWK�WKH�VHDVRQV��6RPH�RI�WKH�ILUHV�DUH�SUHVFULEHG�ILUHV��ZKLFK�DUH�VHW�WR�SUHYHQW�UHDOO\�ODUJH

XQFRQWUROODEOH�ILUHV�LQ�WKH�IXWXUH��,Q�WKH�8QLWHG�6WDWHV��DSSUR[LPDWHO\�WZR�PLOOLRQ�DFUHV�DUH�EXUQHG�LQ�SUHVFULEHG�ILUHV�HYHU\�\HDU�

ZLWK�PDQ\�PRUH�PLOOLRQ�DFUHV�EXUQHG�LQ�ZLOG�ILUHV��7KH�\HDUV������DQG������DUH�DYDLODEOH�IRU�GLVSOD\�

1RWDEOH�)HDWXUHV

(DFK�IUDPH�GLVSOD\V�WKH�ILUHV�DFFXPXODWHG�RYHU�D����GD\�SHULRG

(DFK�GRW�LQGLFDWHV�D�ILUH

6KDGLQJ�UDQJHV�IURP�UHG�IRU�D�ORZ�ILUH�FRXQW�WR�\HOORZ�IRU�D�KLJK�ILUH�FRXQW

0DSV�DUH�DYDLODEOH�IRU������DQG�����

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\

/DQG

$XGLR

1R

'DWDVHW�6RXUFH

02',6�5DSLG�5HVSRQVH�6\VWHP

'DWDVHW�'HYHORSHU

02',6�5DSLG�5HVSRQVH�6\VWHP�DW

1$6$�*6)&

9LVXDOL]DWLRQ�'HYHORSHU

02',6�5DSLG�5HVSRQVH�6\VWHP�DW

1$6$�*6)&

&RQWDFW

1$6$�*6)&

'LUHFWRU\

)73�/LQN

.H\ZRUGV

)LUH��VDWHOOLWHV��02',6��7HUUD��$TXD

*OREDO�)LUH�0DSV
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0HGLD�3UHYLHZ

'HVFULSWLRQ

6DWHOOLWHV�FDQ�GHWHFW�WKH�GLIIHUHQFH�EHWZHHQ�URFN��JUDVVODQG��DQG�IRUHVWV
EHFDXVH�WKHVH�VXUIDFHV�HPLW�HQHUJ\�GLIIHUHQWO\�EDFN�LQWR�VSDFH��%\
PHDVXULQJ�WKHVH�GLIIHUHQFHV�DQG�REVHUYLQJ�WKH�SDWWHUQV�RI�YHJHWDWLRQ���RU
LWV�ODFN�RI�JURZWK��12$$�VFLHQWLVWV�FDQ�PRQLWRU�KRZ�GURXJKWV�DUH
FKDQJLQJ�DFURVV�WKH�ZRUOG�WKURXJK�WLPH�

7KLV�JOREDO�GURXJKW�ULVN�FRPSRVLWH�LV�GHULYHG�IURP�WKH�1RUPDOL]HG
'LIIHUHQFH�9HJHWDWLRQ�,QGH[�GDWDVHWV�GHYHORSHG�E\�12$$�IURP
PHDVXUHPHQWV�RI�WKH�$9+55�VHQVRU�RQERDUG�WKH�32(6�VDWHOOLWH��%\
PRQLWRULQJ�YHJHWDWLRQ�KHDOWK��PRLVWXUH�DQG�WKHUPDO�FRQGLWLRQV��VFLHQWLVWV
DUH�DEOH�WR�LGHQWLI\�DUHDV�WKDW�DUH�FRQVLGHUHG�WR�EH�YHJHWDWLYHO\�VWUHVVHG
GXH�WR�GURXJKW��$Q�LPSRUWDQW�QRWH�LV�WKDW�WKH�GURXJKW�LPDJHU\�LV�EDVHG
VROHO\�RQ�WKH�DQDO\VLV�RI�YHJHWDWLRQ�KHDOWK�DQG�VWUHVV��QRW�VRLO�PRLVWXUH
FRQGLWLRQV��%XW�WKLV�LQGH[�VHUYHV�DV�D�UHOLDEOH�SUR[\�PHDVXUHPHQW�IRU
GURXJKW�ZRUOGZLGH��$UHDV�RI�GHVHUW�DQG�VQRZ�FRYHU�DUH�QRW�LQFOXGHG�LQ�WKH
DQDO\VLV��<HOORZ�DUHDV�LQGLFDWH�DUHDV�XQGHU�PRGHUDWH�GURXJKW�FRQGLWLRQV�
UHG�LQGLFDWHV�DUHDV�H[SHULHQFLQJ�H[WUHPH�GURXJKW�FRQGLWLRQV��$�QXPEHU�RI

RWKHU�GDWDVHWV�DUH�DOVR�EHLQJ�GHULYHG�IURP�1'9,��LQFOXGLQJ�ULVN�LQGH[HV�IRU�ZLOGILUHV�DQG�PDODULD��7KLV�GDWDVHW�LV�XSGDWHG�ZHHNO\�

1RWDEOH�)HDWXUHV

/RFDWLRQ�DQG�LQWHQVLW\�RI�GURXJKW�FKDQJHV�ZLWK�WKH�VHDVRQV

'URXJKW�5LVN�LV�XSGDWHG�ZHHNO\

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
12$$

'DWDVHW�'HYHORSHU
12$$�9LVXDOL]DWLRQ�/DE

9LVXDOL]DWLRQ�'HYHORSHU
12$$�9LVXDOL]DWLRQ�/DE

&RQWDFW
12$$�9LVXDOL]DWLRQ�/DE

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��GURXJKW��VHDVRQV

5HDO�WLPH��'URXJKW�5LVN
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0HGLD�3UHYLHZ

)ORRG�(YHQWV��

'LVSODFHG�����RU�0RUH

3HRSOH

)ORRG�(YHQWV������RU

0RUH�)DWDOLWLHV

)ORRG�(YHQWV���'XH�WR

+HDY\�5DLQ

'HVFULSWLRQ

)ORRGLQJ�LV�WKH�QDWLRQ
V�PRVW�FRPPRQ��FRVWO\�DQG�GHDGO\�QDWXUDO�KD]DUG�
+HDY\�UDLQ�LV�WKH�PRVW�IUHTXHQW�FDXVH�RI�IORRGV��EXW�WKHUH�DUH�PDQ\�RWKHU
QDWXUDO�WULJJHUV��LQFOXGLQJ�KXUULFDQHV��WLGDO�VXUJHV��LFH�MDPV�DQG�VQRZ
PHOW��)ORRGV�DQG�IODVK�IORRGV�KDYH�KDSSHQHG�LQ�DOO����VWDWHV�LQ�WKH�86$�
)ORRGLQJ�LQ�ULYHU�EDVLQV�LV�D�QDWXUDO�SDUW�RI�WKH�ULYHU
V�SURFHVVHV��VHUYLQJ�WR
LPSURYH�ZDWHU�TXDOLW\�DQG�SURYLGH�HVVHQWLDO�KDELWDW�WR�VSHFLHV��DPRQJ
RWKHU�EHQHILWV��)ORRGLQJ�LV�D�PDWWHU�RI�VFLHQWLILF�LQWHUHVW��DV�ZHOO�DV�FXOWXUDO
VLJQLILFDQFH��DQG�LV�FULWLFDO�WR�ODQG�XVH�SODQQLQJ�DQG�SROLF\��,W�LV�DOVR�D�YLWDO
FRQFHUQ�WR�WKH�VDIHW\�DQG�ZHOIDUH�RI�FRPPXQLWLHV�LQ�IORRG�SURQH�DUHDV
LQFOXGLQJ�WKRVH�ZKR�OLYH�DORQJ�ZDWHUZD\V�DQG�FRDVWV��3HRSOH�IURP�DOO
ZDONV�RI�OLIH�DUH�YXOQHUDEOH�WR�WKH�HIIHFWV�RI�IORRGLQJ�

,Q�WKLV�GDWDVHW��HDFK�RUDQJH�GRW�UHSUHVHQWV�D�IORRG�IURP������WR������WKDW
FDXVHG�VLJQLILFDQW�GDPDJH��7KH�IORRG�HYHQWV�DUH�PDSSHG�RQ�WRS�RI�WKH
QLJKW�WLPH�OLJKWV�PDS�WR�JLYH�D�VHQVH�RI�KRZ�PDQ\�SHRSOH�DUH�DIIHFWHG�E\
IORRGLQJ��7KH�GDWD�ZDV�JDWKHUHG�IURP�QHZV��JRYHUQPHQWDO��LQVWUXPHQWDO�
DQG�UHPRWH�VHQVLQJ�VRXUFHV�E\�WKH�'DUWPRXWK�)ORRG�2EVHUYDWRU\�DW�WKH

8QLYHUVLW\�RI�&RORUDGR��7KH�OLVWLQJ�LV�FRPSUHKHQVLYH�DQG�JOREDO�LQ�VFRSH�DQG�DOO�RI�WKH�HYHQWV�VKRZQ�DUH��ODUJH�IORRG�HYHQWV�ZLWK
VLJQLILFDQW�GDPDJH�WR�VWUXFWXUHV�RU�DJULFXOWXUH��IDWDOLWLHV��DQG�RU�DW�OHDVW���WR���GHFDGHV�ORQJ�UHSRUWHG�LQWHUYDO�VLQFH�WKH�ODVW
VLPLODU�HYHQW���)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�GDWD�VRXUFH��YLVLW��KWWS���IORRGREVHUYDWRU\�FRORUDGR�HGX�$UFKLYHV�LQGH[�KWPO

1RWDEOH�)HDWXUHV

(DFK�RUDQJH�GRW�UHSUHVHQWV�D�VLJQLILFDQW�IORRG�HYHQW�WKDW�KDSSHQHG�EHWZHHQ������DQG�����

)ORRG�GDWD�LV�RYHUODLG�RQ�QLJKWWLPH�OLJKWV�WR�JLYH�D�VHQVH�RI�KRZ�PDQ\�SHRSOH�DUH�DIIHFWHG�E\�IORRGLQJ

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
*�5��%UDNHQULGJH���*OREDO�$FWLYH

$UFKLYH�RI�/DUJH�)ORRG�(YHQWV��

'DUWPRXWK�)ORRG�2EVHUYDWRU\�

8QLYHUVLW\�RI�&RORUDGR

'DWDVHW�'HYHORSHU
/HKLJK�8QLYHUVLW\�DQG�1XUWXUH

1DWXUH�&HQWHU

9LVXDOL]DWLRQ�'HYHORSHU
/HKLJK�8QLYHUVLW\�DQG�1XUWXUH

1DWXUH�&HQWHU

&RQWDFW
1XUWXUH�1DWXUH

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��IORRGLQJ��GLVDVWHU��1XUWXUH

1DWXUH

)ORRG�(YHQWV������������
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0HGLD�3UHYLHZ

7KHVH�SDOHR�JUDSKLF�YLVXDOL]DWLRQV�DUH�FRPPHUFLDO

SURGXFWV�DQG�DUH�WKHUHIRUH�QRW�DYDLODEOH�IURP�12$$�QRU

DUH�WKH\�LQFOXGHG�RU�GLVWULEXWHG�DV�SDUW�RI�WKH�6FLHQFH�2Q�D

6SKHUH
�
�V\VWHP��7KHVH�YLVXDOL]DWLRQV�FDQ�EH�SXUFKDVHG

IURP�WKH�FRQWDFWV�OLVWHG�EHORZ�

6FRWHVH�3DOHR�'ULIW� 3DOHR�*HRJUDSKLF�UDZ
IUDPHV�IURP�%ODNH\�

'HVFULSWLRQ

7KHUH�DUH�WZR�GLIIHUHQW�DQLPDWLRQV�WKDW�VKRZ�WKH�SODWH�WHFWRQLFV�WKURXJK
KLVWRU\��7KH�ILUVW�LV�IURP�WKH�$5&�6FLHQFH�&HQWHU��,W�LV�D�WLPH�HODSVHG�IUDPH
VHW�RI�DSSUR[LPDWHO\������KLJK�UHVROXWLRQ�LPDJHV�ZLWK�RULJLQDO�DUWZRUN
YLVXDOL]LQJ�WKH�HYROXWLRQ�RI�WKH�(DUWK
V�VXUIDFH�GXH�WR�SODWH�WHFWRQLFV�RYHU
WKH�SDVW�����PLOOLRQ�\HDUV��7KH�VHFRQG�LV�IURP�3URI��&KULV�6FRWHVH�
3$/(20$3�3URMHFW��7KH�3$/(20$3�'ULIW�DQLPDWLRQV�VKRZ�WKH�PRWLRQV�RI
WKH�FRQWLQHQWV�DQG�WKH�HYROXWLRQ�RI�WKH�RFHDQ�EDVLQV�IURP�WKH�ODWH
3UHFDPEULDQ������PLOOLRQ�\HDUV�DJR���WKURXJK�WKH�DVVHPEO\�DQG�EUHDNXS

RI�3DQJHD������PLOOLRQ�\HDUV�DJR���DQG�H[WHQGV�WKH�PRGHUQ�SODWH�PRWLRQV������PLOOLRQ�\HDUV�LQWR�WKH�IXWXUH��3DQJHD�8OWLPD��
7KH�ZKROH�DQLPDWLRQ�LV�DSSUR[LPDWHO\������IUDPHV��%RWK�GDWDVHWV�VKRZ�WKH�ODUJH�VRXWKHUQ�ODQGPDVV�FDOOHG�3DQQRWLD��ZKLFK
EHJDQ�WR�EUHDN�DSDUW�LQWR�VHYHUDO�VPDOO�SLHFHV�DV�ZHOO�DV�*RQGZDQD�����PLOOLRQ�\HDUV�DJR��ZKLFK�HYHQWXDOO\�EHFDPH�WKH�FRUHV
RI�1RUWK�$PHULFD��1RUWKHUQ�(XURSH��DQG�6LEHULD��7KH�VPDOOHU�SLHFHV�IURP�WKH�EUHDN�XS�RI�3DQQRWLD�GULIWHG�WRJHWKHU�WR�IRUP
/DXUDVLD��*RQGZDQD�DQG�/DXUDVLD�GULIWHG�IRU�PRUH�WKDQ�����PLOOLRQ�\HDUV��DQG�WKHQ�FDPH�EDFN�WRJHWKHU�DJDLQ��SXVKLQJ�XS�D
JUHDW�PRXQWDLQ�UDQJH�RI�ZKLFK�WKH�$SSDODFKLDQ�0RXQWDLQV�DUH�RQH�UHPQDQW�

7KLV�QHZ�VXSHU�FRQWLQHQW��3DQJDHD��WKHQ�EHJDQ�LWV�EUHDN�XS�DURXQG�����PLOOLRQ�\HDUV�DJR�LQWR�ZKDW�EHFDPH�WKH�SUHVHQW�GD\
ZRUOG��'XULQJ�WKH�-XUDVVLF�SHULRG����������PLOOLRQ�\HDUV�DJR��WKH�1RUWK�$WODQWLF�RSHQHG�XS��IROORZHG�E\�6RXWK�$PHULFD�DQG
$IULFD�SXOOLQJ�DSDUW�WR�FUHDWH�WKH�6RXWK�$WODQWLF��DQG�WKHQ�WKH�ILQDO�EUHDN�XS�RI�*RQGZDQD�LQWR�,QGLD��$XVWUDOLD��DQG�$QWDUFWLFD�
:KHQ�,QGLD�EURNH�IUHH�IURP�RWKHU�ODQGPDVVHV��LW�WUDYHOHG�ZLWK�JUHDW�VSHHG�WRZDUG�FXUUHQW�GD\�$VLD��7KH�FROOLVLRQ�EHWZHHQ�WKH
WZR�ODQG�PDVVHV�FDXVHG�WKH�+LPDOD\DV�WR�IRUP��$OVR�GXULQJ�WKLV�WLPH��VHYHUDO�PDVV�H[WLQFWLRQV�RFFXUUHG�GXH�WR�YDULRXV�ZDUPLQJ
DQG�FRROLQJ�HYHQWV�

7KH�RULJLQDO����IUDPHV�WKDW�ZHUH�XVHG�WR�FUHDWHG�WKDW�$UF�6FLHQFH�3ODWH�7HFWRQLFV�$QLPDWLRQ�DUH�DYDLODEOH�IRU�SXEOLF�XVH�IURP�'U�
5RQ�%ODNH\�

1RWDEOH�)HDWXUHV

%RWK�WKH�3$/(20$3�DQG�$5&�6FLHQFH�DQLPDWLRQV�FDQ�EH�FXVWRPL]HG�WR�LQFOXGH�D�PDUNHU�WKDW�WUDYHOV�ZLWK�WKH�FRQWLQHQWV
LQGLFDWLQJ�WKH�ORFDWLRQ�RI�D�SDUWLFXODU�PXVHXP��FLW\�RU�VWDWH�WKURXJK�WLPH�

$SSHDUDQFH�RI�JUHHQ�VKDGLQJ�VLJQLI\LQJ�WKH�SUHVHQFH�RI�SODQW�OLIH

$SSDODFKLDQ�0RXQWDLQV��ROGHVW�UHPQDQW�PRXQWDLQ�UDQJH�WR�DSSHDU

3DQJDHD��0DMRU�VXSHU�FRQWLQHQW�WKDW�EURNH�XS�����PLOOLRQ�\HDUV�DJR

%UHDN�RII�RI�,QGLD�ZKLFK�FROOLGHV�LQWR�$VLD�ZLWK�JUHDW�VSHHG�FDXVLQJ�WKH�IRUPDWLRQ�RI�WKH�+LPDOD\DV�DQG�0RXQW�(YHUHVW

/DEHOV�LQGLFDWLQJ�WKH�\HDU�DQG�WKH�JHRORJLFDO�SHULRG�DUH�DYDLODEOH

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
5RQ�%ODNH\��'HSDUWPHQW�RI
*HRORJ\��1RUWKHUQ�$UL]RQD
8QLYHUVLW\

'DWDVHW�'HYHORSHU
$5&�6FLHQFH�6LPXODWLRQV�
/RYHODQG��&RORUDGR

9LVXDOL]DWLRQ�'HYHORSHU
$5&�6FLHQFH�6LPXODWLRQV�
/RYHODQG��&RORUDGR

&RQWDFW
7KRPDV�/LJRQ��$5&�6FLHQFH
6LPXODWLRQV��������������

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��0RGHOV�DQG�6LPXODWLRQV�
SDOHRQWRORJ\��SODWH�WHFWRQLFV

3DOHR�*HRJUDSKLF
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0HGLD�3UHYLHZ

(7232���(DUWK�&RORU

(QKDQFHG

(7232���(DUWK�2QH

6KDGHG

'HVFULSWLRQ

0DQ\�GDWDVHWV�KDYH�EHHQ�FUHDWHG�E\�XWLOL]LQJ�WKH�(7232��GDWDVHW��ZKLFK
ZDV�JHQHUDWHG�IURP�GLJLWDO�GDWD�EDVHV�RI�VHDIORRU�DQG�ODQG�HOHYDWLRQV�RQ
D���PLQXWH�ODWLWXGH�ORQJLWXGH�JULG����PLQXWH�RI�ODWLWXGH� ���QDXWLFDO�PLOH��RU
�����VWDWXWH�PLOH���7KH�(7232��LV�D�FRPELQDWLRQ�RI�VDWHOOLWH�DOWLPHWU\
REVHUYDWLRQV��VKLSERDUG�HFKR�VRXQGLQJ�PHDVXUHPHQWV��GDWD�IURP�WKH
'LJLWDO�%DWK\PHWULF�'DWD�%DVH�9DULDEOH�5HVROXWLRQ�DQG�GDWD�IURP�WKH
*/2%(�SURMHFW�ZKLFK�KDV�D�JOREDO�GLJLWDO�HOHYDWLRQ�PRGHO��7KH
WRSRJUDSK\�DQG�EDWK\PHWU\�VLGH�RI�WKH�+RW�7RSR�GDWDVHW�ZDV�FUHDWHG�ZLWK
WKLV�GLJLWDO�GDWD�EDVH��DV�ZHOO�DV�WKH�GDWDVHWV�(DUWK/LWH&RORU��(DUWK2QH�
DQG�(DUWK�/DQG�%DWK\PHWU\��(DUWK2QH�DQG�(DUWK�/DQG�%DWK\PHWU\�DUH
VKDGHG�LQ�UHODWLYHO\�WUXH�FRORU��ZKLOH�+RW�7RSR�DQG�(DUWK/LWH&RORU�XVH
JUHHQ��\HOORZ��RUDQJH��UHG�DQG�ZKLWH�WR�GHQRWH�LQFUHDVLQJ�HOHYDWLRQ�RI�WKH
ODQG�

$OO�RI�WKHVH�GDWDVHWV�VKRZ�WKH�LQWULFDWH�WRSRJUDSK\�DQG�EDWK\PHWU\�RI�WKH
(DUWK��7KH�+LPDOD\DV�LQ�$VLD��ZKLFK�DUH�KRPH�WR�0RXQW�(YHUHVW��WKH�WDOOHVW
SRLQW�RQ�(DUWK�DW��������IHHW��DUH�FOHDUO\�YLVLEOH��2WKHU�VLJQLILFDQW�PRXQWDLQ

UDQJHV�WKDW�DUH�HDVLO\�GHWHFWHG�DUH�WKH�$QGHV�LQ�6RXWK�$PHULFD��WKH�5RFN\�0RXQWDLQV�LQ�1RUWK�$PHULFD��DQG�WKH�$OSV�LQ�(XURSH�
7KH�ORQJHVW�PRXQWDLQ�UDQJH�LQ�WKH�ZRUOG��WKH�JOREDO�PLG�RFHDQLF�ULGJH�V\VWHP��FDQ�EH�IRXQG�RQ�WKH�RFHDQ�IORRUV�DQG�UXQV�IRU
DSSUR[LPDWHO\��������PLOHV��$OO�RI�WKH�PLG�RFHDQ�ULGJHV�RI�WKH�ZRUOG�FDQ�EH�UHJDUGHG�DV�D�FRQWLQXRXV�RFHDQLF�ULGJH�V\VWHP��7KH
0LG�$WODQWLF�5LGJH��ZKLFK�FXWV�WKURXJK�WKH�$WODQWLF�2FHDQ��KDV�SHDNV�WKDW�EUHDN�WKH�ZDWHUV�VXUIDFH�WR�IRUP�LVODQGV��7KH�ULGJH
MRLQV�WKH�,QGLDQ�5LGJH�ZKLFK�LV�WR�WKH�HDVW�RI�$IULFD��$OO�RI�WKHVH�ULGJHV�DUH�WKH�UHVXOW�RI�SODWH�WHFWRQLFV��7KH�SODWHV�LQ�WKH�$WODQWLF
2FHDQ�DUH�VORZO\�GULIWLQJ�DSDUW�FDXVLQJ�WKH�$WODQWLF�2FHDQ�WR�ZLGHQ�DW�D�UDWH�RI��������FP�SHU�\HDU��2WKHU�QRWDEOH�IHDWXUHV�RQ�WKH
VHDIORRU�DUH�WKH�LPSUHVVLYH�WUHQFKHV�WKDW�KDYH�IRUPHG�ZKHUH�RQH�WHFWRQLF�SODWH�GLYHV�EHQHDWK�DQRWKHU��7KH�0DULDQDV�7UHQFK
EHWZHHQ�-DSDQ�DQG�$XVWUDOLD�LV�WKH�GHHSHVW�VSRW�LQ�WKH�ZRUOG¶V�RFHDQV�ZLWK�D�GHSWK�RI��������IHHW��7KH�GHHSHVW�SDUW�RI�WKH
$WODQWLF�2FHDQ�LV�LQ�WKH�3XHUWR�5LFR�7UHQFK��RII�WKH�FRDVW�RI�3XHUWR�5LFR��,W�KDV�UHFRUGHG�GHSWKV�RI��������IHHW�

1RWDEOH�)HDWXUHV

0RXQW�(YHUHVW��WDOOHVW�SRLQW�RQ�(DUWK�DW��������IW

0DULDQDV�7UHQFK��GHHSHVW�SRLQW�RQ�(DUWK�DW��������IW

0RXQWDLQ�5DQJHV��+LPDOD\DV��5RFNLHV��$QGHV��$OSV

*OREDO�PLG�RFHDQLF�ULGJH�V\VWHP��ORQJHVW�PRXQWDLQ�UDQJH

5HODWHG�'DWDVHWV

'HWDLOV

&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
6PLWK�DQG�6DQGZHOO��������

*/2%(��'%'%9

'DWDVHW�'HYHORSHU
12$$��1*'&�(7232��

9LVXDOL]DWLRQ�'HYHORSHU
12$$��1*'&�(7232��

&RQWDFW
%HWK�5XVVHOO

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��(7232���EDWK\PHWU\�

WRSRJUDSK\

(7232���(DUWK�7RSRJUDSK\�DQG�%DWK\PHWU\
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0HGLD�3UHYLHZ

'HVFULSWLRQ

(DUWKTXDNHV�RFFXU�QDWXUDOO\�HYHU\GD\��$Q\WKLQJ�WKDW�FDXVHV�VHLVPLF
ZDYHV�WR�UDGLDWH�WKURXJKRXW�WKH�(DUWK�LV�DQ�HDUWKTXDNH��7KHUH�DUH�WZR
PDLQ�W\SHV�RI�HDUWKTXDNHV��WHFWRQLF�DQG�DQWKURSRJHQLF��FDXVHG�E\
KXPDQV���7HFWRQLF�HDUWKTXDNHV�DUH�QDWXUDOO\�RFFXUULQJ�DQG�DUH�FDXVHG�E\
HDUWK�PRYHPHQW��7KH�VXUIDFH�RI�WKH�(DUWK�LV�FRPSRVHG�RI�D�PRVDLF�RI
WHFWRQLF�SODWHV�PRYLQJ�ZLWK�UHVSHFW�WR�HDFK�RWKHU��:KHQ�WZR�SODWHV�JOLGH
SDVW�RQH�DQRWKHU��D�VWUHVV�EXLOGV�XS�DW�WKH�ERXQGDU\��:KHQ�WKDW�VWUHVV
UHDFKHV�D�FULWLFDO�OHYHO��WKH�ERXQGDU\�VOLSV�DQG�WKH�UHVXOW�LV�DQ�HDUWKTXDNH�
7KH�WUDFHV�RI�UHSHDWHG�VOLSV�DUH�NQRZQ�DV�IDXOW�OLQHV��$QWKURSRJHQLF
HDUWKTXDNHV�FDQ�EH�FDXVHG�E\�GULOOLQJ�IRU�IRVVLO�IXHOV��H[WUDFWLRQ�RI
PLQHUDOV��KXJH�H[SORVLRQV��DQG�WKH�FROODSVH�RI�ODUJH�EXLOGLQJV�

0RVW�HDUWKTXDNHV�DUH�VPDOO�HQRXJK�WR�KDUGO\�EH�QRWLFHG��KRZHYHU��VRPH
FDQ�EH�YHU\�SRZHUIXO�FDXVLQJ�ZLGHVSUHDG�GHDWK�DQG�GHVWUXFWLRQ�DQG�FDQ
HYHQ�WULJJHU�WVXQDPLV��7KH�5LFKWHU�PDJQLWXGH�VFDOH�ZDV�FUHDWHG�WR�UDWH
WKH�VWUHQJWK�DQG�PDJQLWXGH�RI�HDUWKTXDNHV��,W�LV�D�EDVH����ORJDULWKP�VFDOH
RI�JURXQG�PRWLRQ����NP�IURP�WKH�HSLFHQWHU��(DFK�LQFUHDVH�RI���PDJQLWXGH

PHDQV����WLPHV�JUHDWHU�JURXQG�PRWLRQ��7R
PHDVXUH�WKH�DPRXQW�RI�HQHUJ\�WKDW�ZDV
UHOHDVHG�GXULQJ�DQ�(DUWKTXDNH��D�EDVH���
ORJDULWKP�VFDOH�LV�XVHG��7KLV�UHDO�WLPH�GDWDVHW
VKRZV�WKH�HDUWKTXDNHV�WKDW�GDLO\�KDSSHQ
DURXQG�WKH�ZRUOG�WKDW�DUH�JUHDWHU�WKDQ�����RQ
WKH�5LFKWHU�VFDOH��:LWK�WKH�FXUUHQW�GDWDEDVH
IURP�WKH�86*6��PDQ\�HDUWKTXDNHV�RXWVLGH�RI
WKH�8QLWHG�6WDWHV�XQGHU�����PDJQLWXGH�RQ�WKH
5LFKWHU�VFDOH�DUH�QRW�UHSRUWHG��7KH�VL]H�RI�WKH
FLUFOH�LV�SURSRUWLRQDO�WR�WKH�PDJQLWXGH�RI�WKH�HDUWKTXDNH��ZLWK�ELJJHU�YDOXHV�RQ�WKH�5LFKWHU�VFDOH�UHSUHVHQWHG�E\�ELJJHU�FLUFOHV�
7KH�FRORULQJ�RI�WKH�FLUFOHV�LV�EDVHG�RQ�WKH�GHSWK�RI�WKH�HDUWKTXDNH�EHORZ�WKH�VXUIDFH�DFFRUGLQJ�WR�WKH�SURYLGHG�FRORU�EDU��$IWHU
DQ�HDUWKTXDNH�RFFXUV��WKH�UHSUHVHQWLQJ�FLUFOH�IDGHV�RXW�RYHU�D�VHYHQ�GD\�SHULRG��7KLV�GDWDVHW�LV�XSGDWHG�KRXUO\�

1RWDEOH�)HDWXUHV

&LUFOHV�LQGLFDWH�HDUWKTXDNH��VL]H�LQGLFDWHV�PDJQLWXGH��FRORU�LQGLFDWHV�GHSWK

0DMRULW\�RI�HDUWKTXDNHV�DORQJ�SODWH�ERXQGDULHV

5HODWHG�'DWDVHWV

   �1RQH�

'HWDLOV

&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\

'DWDVHW�'HYHORSHU
6WHYH�$OEHUV��12$$�*6'

9LVXDOL]DWLRQ�'HYHORSHU
6WHYH�$OEHUV��12$$�*6'

&RQWDFW
6WHYH�$OEHUV

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��HDUWKTXDNH��SODWH�WHFWRQLFV�

UHDO�WLPH

5HDO�WLPH��(DUWKTXDNH�+L�UHV�$QLPDWLRQ���.���ZLWK�OHJHQG�
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0HGLD�3UHYLHZ

-DSDQ�(DUWKTXDNH

'HVFULSWLRQ

2Q�0DUFK����������DW������ORFDO�WLPH��D�����PDJQLWXGH�HDUWKTXDNH
RFFXUUHG����PLOHV������NP��RII�WKH�HDVW�FRDVW�RI�6HQGDL��-DSDQ��WULJJHULQJ
D�PDVVLYH�WVXQDPL��,W�LV�HVWLPDWHG�WKDW�WKH�LQLWLDO�WVXQDPL�ZDYH�WRRN����WR
���PLQXWHV�WR�PDNH�LWV�ILUVW�ODQGIDOO��)RUHFDVWHG�ZDYH�KHLJKWV�ZHUH�XS�WR
���IW�����P��DQG�WKHUH�ZHUH�PDQ\�UHSRUWV�RI�WVXQDPL�ZDYHV�WKUHH�VWRULHV
KLJK�LQ�SDUWV�RI�-DSDQ��$FURVV�WKH�3DFLILF�2FHDQ��PDQ\�FRXQWULHV�LVVXHG
HYDFXDWLRQV�DORQJ�WKH�FRDVWV�EHFDXVH�RI�WKH�SUHGLFWHG�WVXQDPL�ZDYHV�

7KHUH�DUH�VHYHUDO�GDWDVHWV�UHODWHG�WR�WKLV�HYHQW��7KH�ILUVW�LV�D�PRGHO�UXQ�RI
SUHGLFWHG�WVXQDPL�ZDYH�KHLJKWV�IURP�WKH�&HQWHU�IRU�7VXQDPL�5HVHDUFK�DW
WKH�12$$�3DFLILF�0DULQH�(QYLURQPHQWDO�/DERUDWRU\��,W�VKRZV�WKH�SUHGLFWHG
ZDYH�KHLJKWV�RI�WKH�WVXQDPL�DV�LW�WUDYHOV�DFURVV�WKH�3DFLILF�EDVLQ��7KH
ODUJHVW�ZDYH�KHLJKWV�DUH�QHDU�WKH�HDUWKTXDNH�HSLFHQWHU��RII�-DSDQ��7KH
ZDYH�GHFUHDVHV�LQ�KHLJKW�DV�LW�WUDYHOV�DFURVV�WKH�GHHS�3DFLILF�EXW�JURZV
WDOOHU�DV�LW�HQFRXQWHUV�VKDOORZ�ZDWHUV�QHDU�FRDVWDO�DUHDV��,Q�JHQHUDO��WKH
HQHUJ\�RI�WKH�ZDYH�GHFUHDVHV�ZLWK�GLVWDQFH��FDXVLQJ�WKH�PD[LPXP�KHLJKW
RI�WKH�ZDYHV�DW�WKH�FRDVWV�WR�GHFUHDVH��7KLV�H[SODLQV�ZK\�FRDVWDO�+DZDLL

GRHV�QRW�VHH�WKH�KHLJKWV�WKDW�ZHUH�HQFRXQWHUHG�LQ�FRDVWDO�-DSDQ��2XW�LQ�WKH�RSHQ�RFHDQ��DUHDV�RI�ORZ�ZDYH�KHLJKW�FRUUHVSRQG
WR�GHHSHU�DUHDV�LQ�WKH�RFHDQ�

7R�VKRZ�WKH�HDUWKTXDNH�DFWLYLW\��D�VQDSVKRW�RI�WKH�5HDO�7LPH�(DUWKTXDNH�GDWDVHW�KDV�EHHQ�DUFKLYHG��7KLV�ORRS��ZKLFK�LV
FRPSRVHG�RI�KRXUO\�LPDJHV��VWDUWV�RQ�)HEUXDU\����������DQG�UXQV�WKURXJK�0DUFK�����������,QFUHDVHG�DFWLYLW\�QHDU�-DSDQ�FDQ�EH
VHHQ�LQ�WKH�GD\V�EHIRUH�0DUFK�����$IWHU�WKH�HYHQW��KXQGUHGV�RI�SRZHUIXO�DIWHUVKRFNV��RFFXUUHG�IRU�GD\V��2YHU�WKLUW\�RI�WKH
DIWHUVKRFNV�KDG�D�PDJQLWXGH�RI�JUHDWHU�WKDQ����,Q�DGGLWLRQ��D�WKLUG�GDWDVHW�KDV�EHHQ�FUHDWHG�E\�PHUJLQJ�WKH�HDUWKTXDNH�DFWLYLW\
ZLWK�WKH�SUHGLFWHG�WVXQDPL�ZDYH�KHLJKWV�

1RWDEOH�)HDWXUHV

7KH�HDUWKTXDNH�KDG�D�PDJQLWXGH�RI�����DQG�ZDV�IROORZHG�E\�RYHU�WKLUW\�DIWHUVKRFNV�ZLWK�D�PDJQLWXGH�RI�RYHU����

7KH�SUHGLFWHG�ZDYH�KHLJKWV�DUH�WKH�KHLJKW�RI�WKH�ZDYHV�LQ�WKH�RSHQ�RFHDQ

5HODWHG�'DWDVHWV

'HWDLOV

&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\

'DWDVHW�'HYHORSHU
1$6$�*6)&

9LVXDOL]DWLRQ�'HYHORSHU
6WHYH�$OEHUV��12$$�*6'��1$6$

*6)&

&RQWDFW
6WHYH�$OEHUV

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��7VXQDPL��30(/��-DSDQ�

(DUWKTXDNH

-DSDQ�(DUWKTXDNH�DQG�7VXQDPL�:DYH�+HLJKWV�0HUJHG
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0HGLD�3UHYLHZ

9ROFDQR�/RFDWLRQV
*OREDOO\

9ROFDQR�(UXSWLRQV
FDXVLQJ�7VXQDPLV�

'HVFULSWLRQ

$FFRUGLQJ�WR�WKH�6PLWKVRQLDQ�,QVWLWXWH
V�*OREDO�9ROFDQLVP�3URJUDP�
WKHUH�DUH�SUREDEO\�DERXW����YROFDQRHV�HUXSWLQJ�ULJKW�QRZ��DQG�DERXW����
YROFDQRHV�KDYH�KDG�KLVWRULFDOO\�GRFXPHQWHG�HUXSWLRQV��$�YROFDQR�LV�DQ
RSHQLQJ��RU�UXSWXUH��LQ�WKH�(DUWK
V�FUXVW�WKURXJK�ZKLFK�PROWHQ�ODYD��DVK�
DQG�JDVHV�DUH�HMHFWHG��9ROFDQRHV�W\SLFDOO\�IRUP�LQ�WKUHH�GLIIHUHQW�VHWWLQJV�
7KH�ILUVW�LV�GLYHUJHQW�SODWH�ERXQGDULHV��ZKHUH�WHFWRQLF�SODWHV�DUH�SXOOLQJ
DSDUW�IURP�RQH�DQRWKHU��VXFK�DV�WKH�0LG�$WODQWLF�2FHDQ�5LGJH��0RVW�RI
WKHVH�YROFDQRHV�DUH�RQ�WKH�ERWWRP�RI�WKH�RFHDQ�IORRU�DQG�DUH�UHVSRQVLEOH
IRU�FUHDWLQJ�QHZ�VHD�IORRU��7KH�VHFRQG�ORFDWLRQ�LV�FRQYHUJHQW�SODWH
ERXQGDULHV��ZKHUH�WZR�SODWHV��W\SLFDOO\�DQ�RFHDQLF�DQG�FRQWLQHQWDO�SODWH�
DUH�FROOLGLQJ��7KH�YROFDQRHV�DORQJ�WKH�3DFLILF�5LQJ�RI�)LUH�DUH�IURP
FRQYHUJHQW�SODWH�ERXQGDULHV��7KH�WKLUG�ORFDWLRQ�LV�RYHU�KRWVSRWV��ZKLFK
DUH�W\SLFDOO\�LQ�WKH�PLGGOH�RI�WHFWRQLF�SODWHV�DQG�FDXVHG�E\�KRW�PDJPD
ULVLQJ�WR�WKH�VXUIDFH��7KH�YROFDQRHV�RQ�+DZDLL�DUH�WKH�UHVXOW�RI�KRWVSRWV�

7KHUH�DUH�WKUHH�GDWDVHWV�IRU�6FLHQFH�2Q�D�6SKHUH�WKDW�KLJKOLJKW�JOREDO
YROFDQR�ORFDWLRQV��7KH�ILUVW�GDWDVHW��FRPSLOHG�E\�WKH�6PLWKVRQLDQ

,QVWLWXWH
V�*OREDO�9ROFDQLVP�3URJUDP��VKRZV�WKH�ORFDWLRQV�RI�FXUUHQW�DQG�SDVW�DFWLYLW\�IRU�DOO�YROFDQRHV�RQ�WKH�SODQHW�DFWLYH
GXULQJ�WKH�ODVW��������\HDUV��7KH�RWKHU�WZR�GDWDVHWV�DUH�IURP�WKH�1DWLRQDO�*HRSK\VLFDO�'DWD�&HQWHU
V�6LJQLILFDQW�9ROFDQLF
(UXSWLRQ�'DWDEDVH��2QH�VKRZV�WKH�ORFDWLRQV�RI�VLJQLILFDQW�HUXSWLRQV��RI�ZKLFK�WKHUH�DUH�RYHU������$Q�HUXSWLRQ�LI�FRQVLGHUHG
VLJQLILFDQW�LI�WKHUH�DUH�DQ\�IDWDOLWLHV�OLQNHG�WR�LW��WKH�FRVW�RI�WKH�GDPDJH�LV�RYHU�RQH�PLOOLRQ�GROODU��LW�FDXVHV�D�WVXQDPL�RU�WKHUH�LV�D
PDMRU�HDUWKTXDNH�DVVRFLDWHG�ZLWK�LW��7KH�ILQDO�GDWDVHW�VKRZV�WKH�ORFDWLRQV�RI�DOO�HUXSWLRQV�WKDW�KDYH�FDXVHG�WVXQDPL�

1RWDEOH�)HDWXUHV

0RVW�YROFDQRHV�RFFXU�DORQJ�FRQYHUJHQW�ERXQGDULHV

7KHUH�KDYH�EHHQ�DERXW������NQRZ�HUXSWLRQV�LQ�WKH�ODVW��������\HDUV

7KHUH�KDYH�EHHQ�RYHU�����VLJQLILFDQW�HUXSWLRQV

7KHUH�KDYH�EHHQ�����HUXSWLRQV�WKDW�FDXVHG�WVXQDPLV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
1DWLRQDO�*HRSK\VLFDO�'DWD

&HQWHU
V�6LJQLILFDQW�9ROFDQLF

(UXSWLRQ�'DWDEDVH

'DWDVHW�'HYHORSHU
1DWLRQDO�*HRSK\VLFDO�'DWD

&HQWHU
V�6LJQLILFDQW�9ROFDQLF

(UXSWLRQ�'DWDEDVH

9LVXDOL]DWLRQ�'HYHORSHU
%DUU\�(DNLQV��12$$�1*'&

&RQWDFW
%HWK�5XVVHOO

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��VDWHOOLWH��ZDWHU��DQRPDO\�

FOLPDWH�FKDQJH

9ROFDQR�(UXSWLRQV
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0HGLD�3UHYLHZ

'HVFULSWLRQ

(\MDIMDOODMRNXOO��D�JODFLHU�FRYHUHG�YROFDQR�LQ�VRXWKHUQ�,FHODQG��HUXSWHG

H[SORVLYHO\�RQ�$SULO�����������7KH�QDPH�(\MDIMDOODMRNXOO�LV�,FHODQGLF�IRU

�LVODQG�PRXQWDLQ�JODFLHU���7KH�YROFDQR�LQLWLDOO\�HUXSWHG�RQ�0DUFK�����EXW

WKLV�RULJLQDO�HUXSWLRQ�ZDV�PXFK�VPDOOHU�DQG�RQO\�FDXVHG�D�EULHI

HYDFXDWLRQ�RI�WKH�ORFDO�DUHD��7KH�$SULO����HYHQW�ZDV����WR����WLPHV�PRUH

SRZHUIXO�DQG�KDG�LQWHUQDWLRQDO�LPSDFWV��/RFDOO\��WKH�HUXSWLRQ�DQG�UHVXOWLQJ

ODYD�PHOWHG�WKH�VXUURXQGLQJ�JODFLHU��FDXVLQJ�PDMRU�IORRGLQJ�

,QWHUQDWLRQDOO\��DLU�WUDIILF�ZDV�LPSDFWHG�IRU�VHYHUDO�GD\V�IROORZLQJ�WKH

HUXSWLRQ��7KH�YROFDQR�HMHFWHG�DVK�RYHU�������IW�LQWR�WKH�DWPRVSKHUH�

FDXVLQJ�VLJQLILFDQW�GLVUXSWLRQV�WR�WKH�(XURSHDQ�DQG�7UDQV�$WODQWLF�DLU

WUDYHO��$LUVSDFH�RYHU�PXFK�RI�QRUWKHUQ�(XURSH�ZDV�FORVHG�IURP�$SULO���

WKURXJK�$SULO����IRU�FRQFHUQV�RYHU�WKH�DEUDVLYH�YROFDQLF�DVK�FDXVLQJ

HQJLQH�IDLOXUHV�

7KH�ODVW�WLPH�(\MDIMDOODMRNXOO�HUXSWHG�LQ�������LW�VSHZHG�DVK�IRU�RYHU�D

\HDU��7KH�/RQGRQ�9ROFDQLF�$VK�$GYLVRU\�&RPPLVVLRQ�GHWHUPLQHG�WKDW�WKH

�����HUXSWLRQ�VWRSSHG�RQ�0D\�����������9ROFDQRORJLVWV�FRQVLGHU�D

YROFDQR�WR�RQFH�DJDLQ�EH�GRUPDQW�ZKHQ�DOO�DFWLYLW\�FHDVHV�IRU�WKUHH�PRQWKV��7KLV�GDWDVHW�ZDV�FUHDWHG�ZLWK�WKH�),0�&KHP�$VK

IRUHFDVWLQJ�PRGHO��D�JOREDO�PRGHO�GHYHORSHG�E\�12$$�WKDW�IRUHFDVWV����DHURVRO�FRQFHQWUDWLRQV��LQFOXGLQJ�YROFDQLF�DVK��,Q�WKLV

GDWDVHW��RQO\�YROFDQLF�DVK�LV�LQFOXGHG��7KH�IRUHFDVW�VWDUWV�$SULO�����WKH�GD\�DIWHU�WKH�HUXSWLRQ�DQG�UXQV�IRU�RQH�ZHHN��WKURXJK�$SULO

����7KH�HIIHFW�RI�WKH�ZHDWKHU�SDWWHUQV�RQ�WKH�DVK�GLVSHUVLRQ�LV�UHDGLO\�DSSDUHQW�LQ�WKLV�DQLPDWLRQ��DV�WKH�DVK�FORXG�FKDQJHV

VKDSHV�DQG�PRYHV�GLIIHUHQW�GLUHFWLRQV��7KH�WUDQVSDUHQF\�RI�WKH�FRORU�LV�VHW�RQ�D�ORJDULWKPLF�VFDOH�WR�WKH�FRQFHQWUDWLRQ�RI�WKH�DVK�

1RWDEOH�)HDWXUHV

7KLV�DQLPDWLRQ�LV�D�YROFDQLF�DVK�IRUHFDVW�PRGHO�WKDW�VWDUWV�RQ�$SULO����DQG�UXQV�RXW�IRU�RQH�ZHHN��WKURXJK�$SULO���

7KH�ZHDWKHU�LPSDFWV�WKH�PRYHPHQW�RI�WKH�DVK�FORXG

7KH�WUDQVSDUHQF\�RI�WKH�FRORU�LV�VHW�RQ�D�ORJDULWKPLF�VFDOH�WR�WKH�FRQFHQWUDWLRQ�RI�WKH�DVK

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\

$WPRVSKHUH

$XGLR

1R

'DWDVHW�6RXUFH

12$$�),0�&KHP�$VK�0RGHO

'DWDVHW�'HYHORSHU

12$$�),0�&KHP�$VK�0RGHO

9LVXDOL]DWLRQ�'HYHORSHU

6WHYH�$OEHUV��12$$�*6'

&RQWDFW

*HRUJ�*UHOO

'LUHFWRU\

)73�/LQN

.H\ZRUGV

$WPRVSKHUH��YROFDQR��DVK��),0�

PRGHO

9ROFDQLF�$VK���),0�&KHP�)RUHFDVW�0RGHO
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0HGLD�3UHYLHZ

'HVFULSWLRQ

7KLV�YLVXDOL]DWLRQ�XVHV�WKH�VDPH�GDWDEDVH�DV�WKH�QLJKWWLPH�VLGH�RI�WKH�+RW
7RSR�YLVXDOL]DWLRQ��7KH�GDWD�ZDV�UHFRUGHG�E\�WKH�'HIHQVH�0HWHRURORJLFDO
6DWHOOLWH�3URJUDP��'063��LQ�WKH�1DWLRQDO�*HRSK\VLFDO�'DWD�&HQWHU��7KH
(DUWK�2EVHUYDWLRQ�*URXS�LQ�WKH�1*'&�PDLQWDLQV�WKH�DUFKLYHG�GDWD�
SHUIRUPV�UHVHDUFK�RQ�WKH�GDWD��DQG�PDNHV�SURGXFWV�XWLOL]LQJ�WKH�GDWD
DYDLODEOH��7KH�GDWD�ZDV�FROOHFWHG�XVLQJ�SRODU�RUELWLQJ�VDWHOOLWHV�WKDW
SURYLGH�IXOO�FRYHU�RI�WKH�JOREH�WZLFH�D�GD\��7KH�VDWHOOLWHV�KDYH�DQ
2SHUDWLRQ�/LQHVFDQ�V\VWHP�ZKLFK�DOORZV�WKHP�WR�GHWHFW�ORZ�OHYHOV�RI
YLVLEOH�QHDU�LQIUDUHG�UDGLDQFH�DW�QLJKW��:LWK�WKLV�GDWD��LW�LV�SRVVLEOH�WR
GHWHFW�FORXGV�LOOXPLQDWHG�E\�PRRQOLJKW��OLJKWV�IURP�FLWLHV�DQG�WRZQV�
LQGXVWULDO�VLWHV��JDV�IODUHV��ILUHV��OLJKWQLQJ��DQG�DXURUD��7KH�1LJKWWLPH
/LJKWV�RI�WKH�:RUOG�GDWD�VHW�ZDV�FRPSOLHG�IURP�'063�GDWD�VSDQQLQJ
2FWREHU��������0DUFK������

7KLV�SDUWLFXODU�YLVXDOL]DWLRQ�VKRZV�RQO\�WKH�OLJKWV�JHQHUDWHG�IURP
HOHFWULFLW\��7KH�RFHDQV�DUH�VKDGHG�D�YHU\�GDUN�EOXH�DQG�WKH�ODQG�LV
VKDGHG�D�VOLJKWO\�OLJKWHU�EOXH�VR�WKDW�WKH\�FDQ�EH�GLVWLQJXLVKHG��$OO�RI�WKH

OLJKWV�DUH�EULJKW�ZKLWH��$UHDV�RI�KLJK�HFRQRPLF�SURVSHULW\�DQG�RU�SRSXODWLRQ�DUH�JHQHUDOO\�WKH�DUHDV�WKDW�DUH�ZHOO�LOOXPLQDWHG�
0RVW�RI�WKH�FRDVW�OLQHV�DUH�ZHOO�KLJKOLJKWHG��DV�LW�VHHPV�SHRSOH�OLNH�WR�OLYH�E\�WKH�ZDWHU��7KH�1LOH�5LYHU�LQ�$IULFD�LW�RXWOLQHG�E\�WKH
OLJKWV�WKDW�ERUGHU�LW��,Q�WKH�8QLWHG�6WDWHV��LW�LV�YLVLEOH�WKDW�WKH�HDVWHUQ�KDOI�RI�WKH�FRXQWU\�LV�PRUH�GHQVHO\�SRSXODWHG�WKDQ�PRVW�RWKHU
DUHDV��0DMRU�KLJKZD\V�FDQ�EH�LGHQWLILHG�E\�WKH�OLJKWV�DORQJ�WKHP�

6SHFLDO�FRORUL]HG�YHUVLRQV�RI�WKHVH�PDSV�FDQ�DOVR�EH�XVHG�WR�GHWHFW�SRZHU�RXWDJHV��7KLV�LV�GRQH�E\�FRPSDULQJ�DQ�DQQXDO
FRPSRVLWH�LPDJH�DJDLQVW�GDWD�IURP�RQH�QLJKW��7KH�OLJKWV�LQ�WKH�FRPSRVLWH�LPDJH�DUH�VKDGHG�UHG��WKH�YLVLEOH�GDWD�IURP�WKH�RQH
QLJKW�LV�VKDGHG�JUHHQ�DQG�WKH�WKHUPDO�GDWD�IURP�WKH�RQH�QLJKW�LV�VKDGHG�EOXH��7KH�UHVXOW�LV�FORXGV�VKRZ�XS�EOXH��OLJKWV�WKDW�DUH
RQ�GXULQJ�ERWK�WLPH�SHULRGV�VKRZ�XS�\HOORZ��OLJKWV�WKDW�ZHUH�RQ�RQO\�RQ�WKH�VLQJOH�QLJKW�VKRZ�XS�JUHHQ�DQG�OLJKWV�WKDW�ZHUH�RQ�LQ
WKH�FRPSRVLWH�LPDJH��EXW�QRW�WKH�RQH�QLJKW�VKRZ�XS�UHG��$Q\�ZLGHVSUHDG�DUHD�WKDW�LV�UHG�VXJJHVWV�D�SRZHU�RXWDJH��7ZR�LPDJHV
IURP�$XJXVW�����������ULJKW�DIWHU�+XUULFDQH�.DWULQD�KLW��DUH�DYDLODEOH�WR�GLVSOD\�RQ�WKH�VSKHUH�DV�D�SLFWXUH�LQ�D�SLFWXUH��7KH�ILUVW�LV
D�EODFN�DQG�ZKLWH�LPDJH�RI�WKH�OLJKWV�IURP�$XJXVW����DQG�WKH�VHFRQG�LV�WKH�VDPH�LPDJH��EXW�FRORUL]HG�WR�KLJKOLJKW�WKH
ZLGHVSUHDG�SRZHU�RXWDJHV�

7KHUH�DUH�WKUHH�DGGLWLRQDO�YDULDWLRQV�RI�WKH�QLJKWWLPH�OLJKWV�PDS��7KH�ILUVW�GDWDVHW�LV�WKH�QLJKWWLPH�OLJKWV�PHUJHG�ZLWK�WKH�%OXH
0DUEOH�GDWDVHW��7KH�QHZ�GDWDVHW�VKRZV�WKH�(DUWK�ZLWK�GD\WLPH�DQG�QLJKWWLPH�YLHZV�RI�WKH�(DUWK��WR�GHPRQVWUDWH�KRZ�RQO\�KDOI�RI
WKH�(DUWK�LV�LOOXPLQWDWHG�DW�RQH�WLPH��7KH�VHFRQG�GDWDVHW�LV�VLPLODU�WR�WKH�RULJLQDO�QLJKWWLPH�OLJKWV�GDWDVHW��EXW�WKH�OLJKWV�KDYH
EHHQ�FRORUL]HG�EDVHG�RQ�WKH�OLJKW�VRXUFH��7KH�ZKLWH�UHSUHVHQWV�OLJKWV�JHQHUDWHG�IURP�HOHFWULFLW\��WKH�UHG�VKDGLQJ�VKRZV�ILUHV��WKH
SLQN�VKDGLQJ�LQGLFDWHV�OLJKW�IURP�VTXLG�ILVKLQJ�ERDWV��DQG�WKH�EOXH�VSRWV�DUH�JDV�IODUHV�IURP�RLO�ULJV��7KH�WKLUG�YDULDWLRQ�LV�WZR
PDSV��RQH�ZLWK�HOHFWULF�OLJKWV�IURP�������WKH�VHFRQG�ZLWK�HOHFWULF�OLJKWV�IURP�������%\�FRPSDULQJ�WKH�WZR�LPDJHV��YLHZHUV�FDQ
VHH�DUHDV�RI�JURZWK�DQG�GHFOLQH�

7KHUH�DUH�DOVR�DGGLWLRQDO�XSGDWHV�WR�WKLV�GDWDVHW��7KH�ILUVW�LV�D�FRORU�FRPSRVLWH�RI�WKUHH�\HDUV����������������������RI�'063
QLJKWWLPH�OLJKWV��(DFK�\HDU�KDV�EHHQ�DVVLJQHG�WR�RQH�RI�WKH�SULPDU\�FRORUV������� �EOXH������� �JUHHQ������� �UHG��7KH�FRQWUDVW
KDV�EHHQ�HQKDQFHG�WR�VKRZ�DOO�WKH�GHWHFWHG�OLJKWV��LQFOXGLQJ�WKH�GLP�OLJKWLQJ�RIWHQ�GHWHFWHG�LQ�SRSXODWHG�UXUDO�DUHDV��/RFDWLRQV
WKDW�KDG�EULJKW�OLJKWLQJ�LQ�DOO�WKUHH�\HDUV�DUH�ZKLWH��7KHUH�DUH�PDQ\�UXUDO�DUHDV�LQ�,QGLD�DQG�HOVHZKHUH�WKDW�KDYH�D�EURQ]H�FRORU�
LQGLFDWLQJ�WKDW�WKH\�KDG�QR�GHWHFWHG�OLJKWLQJ�LQ������DQG�GLP�OLJKWLQJ�GHWHFWHG�LQ�ERWK������DQG�������1RWLFH�WKH�DUHDV�RI�EOXH
OLJKWLQJ�LQ�VHYHUDO�SDUWV�RI�WKH�)RUPHU�6RYLHW�8QLRQ��WKH�UHVXOW�RI�FROODSVH�DQG�ORVV�RI�OLJKWLQJ�LQ�WKH�PLG�����
V��7KH�VHFRQG�LV
VLPLODU��EXW�RQO\�FRPSDUHV�WZR�\HDUV��������DQG��������RI�'063�QLJKWWLPH�OLJKWV��,Q�WKLV�GDWDVHW��SXUSOH�UHSUHVHQWV�D�GHFUHDVH�LQ
OLJKW�OHYHOV��ZKLWH�UHSUHVHQWV�QR�FKDQJH�LQ�OLJKW�OHYHOV�DQG�\HOORZ�UHSUHVHQWV�DQ�LQFUHDVH�LQ�OLJKW�OHYHOV��%RWK�RI�WKHVH�GDWDVHWV
DUH�DYDLODEOH�ZLWK�DQG�ZLWKRXW�FRXQWU\�ERUGHUV��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�FRPSDULVLRQ�GDWDVHW��YLVLW�KHUH�

1RWDEOH�)HDWXUHV

1LOH�5LYHU�RXWOLQHG�E\�OLJKWV

(DVWHUQ�8�6��KLJKO\�SRSXODWHG

0DMRU�KLJKZD\V�RXWOLQHG�E\�OLJKWV

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
/DQG

$XGLR
1R

'DWDVHW�6RXUFH
'063

'DWDVHW�'HYHORSHU
12$$�1*'&�(DUWK�2EVHUYDWLRQV

*URXS

9LVXDOL]DWLRQ�'HYHORSHU
12$$�1*'&�(DUWK�2EVHUYDWLRQV

*URXS

&RQWDFW
%HWK�5XVVHOO

'LUHFWRU\
)73�/LQN

.H\ZRUGV
/DQG��QLJKWWLPH�OLJKWV��'063�

1*'&

&RORUHG�1LJKW�/LJKWV
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0HGLD�3UHYLHZ

'HVFULSWLRQ

�7KH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��,3&&��ZDV�HVWDEOLVKHG
E\�:02�DQG�81(3�WR�DVVHVV�VFLHQWLILF��WHFKQLFDO�DQG�VRFLR��HFRQRPLF
LQIRUPDWLRQ�UHOHYDQW�IRU�WKH�XQGHUVWDQGLQJ�RI�FOLPDWH�FKDQJH��LWV�SRWHQWLDO
LPSDFWV�DQG�RSWLRQV�IRU�DGDSWDWLRQ�DQG�PLWLJDWLRQ��,W�LV�RSHQ�WR�DOO
PHPEHUV�RI�WKH�81�DQG�RI�:02�����IURP�ZZZ�LSFF�FK�,Q�DQ�HIIRUW�WR
EHWWHU�YLVXDOL]H�WKH�IXWXUH�RI�FOLPDWH�FKDQJH��WKH�,3&&�UHOHDVHV
DVVHVVPHQW�UHSRUWV�RQ�WKH�FXUUHQW�VWDWH�RI�WKH�DWPRVSKHUH�DQG�ZKDW�WKH
IXWXUH�FRXOG�KROG��0RGHOV�IURP�YDULRXV�DWPRVSKHULF�DQG�RFHDQLF
RUJDQL]DWLRQV�DUH�LQFOXGHG�LQ�WKHVH�UHSRUWV�LQ�RUGHU�WR�HVWDEOLVK�D�EURDG
XQGHUVWDQGLQJ�RI�WKH�VFLHQFH��'DWD�IURP�WKUHH�RI�WKH�,3&&�PRGHOV
IROORZLQJ�WHPSHUDWXUH�FKDQJH�IURP�������������KDYH�EHHQ�IRUPDWWHG�IRU

6FLHQFH�2Q�D�6SKHUH���

7KH�PRGHOV�DYDLODEOH�RQ�626�DUH�WKH�&OLPDWH�0RGHO������GHYHORSHG
E\�WKH�*HRSK\VLFDO�)OXLG�'\QDPLFV�/DERUDWRU\��WKH�&RPPXQLW\
&OLPDWH�6\VWHP�0RGHO������GHYHORSHG�E\�WKH�1DWLRQDO�&HQWHU�IRU
$WPRVSKHULF�5HVHDUFK��DQG�WKH�+DGOH\�&HQWUH�+DG&0���GHYHORSHG�E\

WKH�8QLWHG�.LQJGRP�0HWHRURORJ\�2IILFH��$OO�WKUHH�PRGHOV�KDYH�VLPLODU�IRUFLQJ�DJHQWV��)RU�WKH�SDVW�GDWD�WKH\�XVH�WKH���WK
&HQWXU\�0RGHO���&�0��ZKLFK�WDNHV�LQWR�DFFRXQW�WKH�KLVWRULFDO�UHFRUG�RI�JUHHQKRXVH�JDVHV��VXOIDWH�DHURVRO�FRQFHQWUDWLRQV�
YROFDQLF�DHURVRO�RSWLFDO�GHSWKV��DQG�KLVWRULFDO�VRODU�LUUDGLDWLRQ��)RU�WKH�IXWXUH��WKHUH�DUH�WZR�YDULDWLRQV��(DFK�PRGHO�LV�DYDLODEOH
XVLQJ�WKH�6SHFLDO�5HSRUW�RQ�(PLVVLRQV�6FHQDULRV��65(6��$�%�VFHQDULR��ZKLFK�DVVXPHV�

5DSLG�HFRQRPLF�JURZWK

$�JOREDO�SRSXODWLRQ�WKDW�UHDFKHV���ELOOLRQ�LQ������DQG�WKHQ�JUDGXDOO\�GHFOLQHV�

7KH�TXLFN�VSUHDG�RI�QHZ�DQG�HIILFLHQW�WHFKQRORJLHV�

$�FRQYHUJHQW�ZRUOG���LQFRPH�DQG�ZD\�RI�OLIH�FRQYHUJH�EHWZHHQ�UHJLRQV��([WHQVLYH�VRFLDO�DQG�FXOWXUDO�LQWHUDFWLRQV
ZRUOGZLGH�

$�EDODQFHG�HPSKDVLV�RQ�DOO�HQHUJ\�VRXUFHV

In addition, each model is also available using the more ecologically friendly SRES B1 scenario, which

assumes:

5DSLG�HFRQRPLF�JURZWK�DV�LQ�$���EXW�ZLWK�UDSLG�FKDQJHV�WRZDUGV�D�VHUYLFH�DQG�LQIRUPDWLRQ�HFRQRP\�

3RSXODWLRQ�ULVLQJ�WR���ELOOLRQ�LQ������DQG�WKHQ�GHFOLQLQJ�DV�LQ�$��

5HGXFWLRQV�LQ�PDWHULDO�LQWHQVLW\�DQG�WKH�LQWURGXFWLRQ�RI�FOHDQ�DQG�UHVRXUFH�HIILFLHQW�WHFKQRORJLHV�

$Q�HPSKDVLV�RQ�JOREDO�VROXWLRQV�WR�HFRQRPLF��VRFLDO�DQG�HQYLURQPHQWDO�VWDELOLW\�

(YHQ�WKRXJK�WKH�DOO�WKH�PRGHOV�XVH�WKH�VDPH�LQSXWV��WKH�UHVXOWV�YDU\�EHFDXVH�HDFK�RI�WKH�WKUHH�PRGHOV�KDYH�GLIIHULQJ�G\QDPLFV
DQG�SK\VLFV�SDUDPHWHUL]DWLRQV��,Q�DOO�RI�WKH�PRGHOV�IRU�WKH�$�%�VFHQDULR��&2��SURGXFWLRQ�LQFUHDVHV�XQWLO�LW�UHDFKHV����SSP�LQ
WKH�\HDU�������)RU�WKH�%��VFHQDULR��&2��SURGXFWLRQ�LQFUHDVHV�XQWLO�LW�UHDFKHV�����SSP�LQ�WKH�\HDU�������7KH�WHPSHUDWXUHV
GLVSOD\HG�LQ�WKH�GDWDVHWV�DUH�DOO�D�FRPSDULVRQ�WR�WHPSHUDWXUHV�LQ�������%OXH�WRQHV�RQ�WKH�YLVXDOL]DWLRQ�UHSUHVHQW�WHPSHUDWXUHV
FRROHU�WKDQ�WKRVH�LQ�������ZKLOH�UHG�WRQHV�UHSUHVHQW�WHPSHUDWXUHV�ZDUPHU�WKDQ�WKRVH�LQ������

,Q�DGGLWLRQ�WR�WKH�VL[�PRGHO�UXQV��WKHUH�LV�D�DOVR�D�GDWDVHW�KDV�IUDPHV�IURP�WKH�$�%�DQG�%��VFHQDULR�DV�PRGHOHG�E\�*)'/�IRU
������������������DQG������LQ�RUGHU�WR�FRPSDUH�DQG�FRQWUDVW�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VFHQDULRV�

1RWDEOH�)HDWXUHV

Model and Scenario Global Mean Warming North America Mean Warming
GFDL B1 2.7F (1.5C) 4.32F (2.4C)

GFDL A1B 5.22F (2.9C) 8.82F (4.9C)

CCSM B1 2.52F (1.4C) 3.24F (1.8C)

CCSM A1B 4.86F (2.7C) 7.56F (4.2C)

HAD B1 3.42F (1.9C) 5.4F (3.0C)

HAD A1B 6.66F (3.7C) 10.26F (5.7C)

Note: Global Mean Warming and North America Mean Warming are the difference between 
decadal averages for 1990-2000 and 2090-2100.
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0HGLD�3UHYLHZ

'HVFULSWLRQ

7KH�RFHDQ�KDV�DQ�LPSDFW�RQ�WKH�OLYHV�RI�HYHU\RQH�RQ�(DUWK��HYHQ�WKRVH
ZKR�GRQ
W�OLYH�RQ�WKH�FRDVWV��,W�KDV�EHHQ�HVWLPDWHG�WKDW�RQH�LQ�HYHU\�VL[
MREV�LQ�WKH�8QLWHG�6WDWHV�LV�PDULQH�UHODWHG�DQG�WKDW�����RI�DOO�VSHFLHV�RQ
(DUWK�DUH�VXSSRUWHG�E\�WKH�RFHDQ��%HFDXVH�RI�WKLV��LW�LV�LPSRUWDQW�WR�SURWHFW
DQG�SUHVHUYH�WKH�RFHDQV��+XPDQV�KRZHYHU�KDYH�EHHQ�VKRZQ�WR�KDYH�D
QHJDWLYH�LPSDFW�RQ�WKH�RFHDQV��$�UHSRUW�LVVXHG�LQ�)HEUXDU\������IRXQG
WKDW�����RI�WKH�ZRUOG
V�RFHDQV�DUH�KHDYLO\�LPSDFWHG�E\�KXPDQ�DFWLYLWLHV�
VXFK�DV�RYHUILVKLQJ�DQG�SROOXWLRQ��,Q�DOO����GLIIHUHQW�KXPDQ�DFWLYLWLHV�ZHUH
H[DPLQHG�LQ�WKH�UHSRUW��LQFOXGLQJ�IHUWLOL]HU�UXQ�RII��FRPPHUFLDO�VKLSSLQJ�
DQG�LQGLUHFW�DFWLYLWLHV�VXFK�DV�FKDQJHV�LQ�VHD�VXUIDFH�WHPSHUDWXUH��89
UDGLDWLRQ��DQG�RFHDQ�DFLGLILFDWLRQ�

7KLV�GDWDVHW�LV�D�PDS�WKDW�ZDV�SXW�WRJHWKHU�IURP�WKH�GDWD�FRPSLOHG�IURP
WKH�UHSRUW��$�*OREDO�0DS�RI�+XPDQ�,PSDFW�RQ�0DULQH�(FRV\VWHPV��ZKLFK
ZDV�SXEOLVKHG�LQ�6FLHQFH�0DJD]LQH��VHH�IXOO�WH[W���,Q�DGGLWLRQ�WR�ILQGLQJ
WKDW�����RI�WKH�ZRUOG
V�RFHDQV�DUH�KHDYLO\�LPSDFWHG�E\�KXPDQ�DFWLYLWLHV�
UHVHDUFKHUV�DOVR�FRQFOXGHG�WKDW�QR�DUHD�LV�XQDIIHFWHG�E\�KXPDQ

LQIOXHQFH��+RZHYHU��WKHUH�DUH�ODUJH�DUHDV
WKDW�KDYH�UHODWLYHO\�ORZ�KXPDQ�LPSDFW�
HVSHFLDOO\�QHDU�WKH�SROHV��7KH�DUHDV�ZKHUH
KXPDQV�KDYH�KDG�WKH�ZRUVW�LPSDFW�LQFOXGH
WKH�(DVW�&RVW�RI�1RUWK�$PHULFD��1RUWK�6HD�
6RXWK�DQG�(DVW�&KLQD�6HDV��&DULEEHDQ
6HD��0HGLWHUUDQHDQ�6HD��5HG�6HD��3HUVLDQ
*XOI��%HULQJ�6HD�DQG�WKH�ZHVWHUQ�3DFLILF
2FHDQ��$UHDV�WKDW�DUH�VKDGHG�UHG�KDYH�D
KLJK�KXPDQ�LPSDFW�DQG�EOXH�DUHDV�KDYH�D�YHU\�ORZ�KXPDQ�LPSDFW��7KH�VWXG\�DOVR�H[DPLQHG����PDULQH�HFRV\VWHPV�WR
GHWHUPLQH�WKH�LPSDFW�RI�WKH�KXPDQ�LQIOXHQFHV��7KH�HFRV\VWHPV�WKDW�DUH�PRVW�WKUHDWHQHG�DUH�FRUDO�UHHIV��VHDJUDVV�EHGV��DQG
PDQJURYHV�

12$$�SUHVV�UHOHDVH�

1RWDEOH�)HDWXUHV

����RI�WKH�ZRUOG
V�RFHDQV�DUH�KHDYLO\�LPSDFWHG�E\�KXPDQ�DFWLYLWLHV

7KH�DUHDV�ZLWK�WKH�OHDVW�LPSDFW�DUH�QHDU�WKH�SROHV

5HODWHG�'DWDVHWV

   �1RQH�

'HWDLOV

&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
%HQMDPLQ�6��+DOSHUQ��6KDXQ
:DOEULGJH��.LPEHUO\�$��6HONRH�
&DUULH�9��.DSSHO��)LRUHQ]D�0LFKHOL�
&DWHULQD�'
$JURVD��-RKQ�)��%UXQR�
.HQQHWK�6��&DVH\��&ROLQ�(EHUW�
+HOHQ�(��)R[��5RG�)XMLWD��'HQQLV
+HLQHPDQQ��+XQWHU�6��/HQLKDQ�
(OL]DEHWK�0�3��0DGLQ��0DWWKHZ�7�

'DWDVHW�'HYHORSHU
12$$�(QYLURQPHQWDO�9LVXDOL]DWLRQ
3URJUDP

9LVXDOL]DWLRQ�'HYHORSHU
12$$�(QYLURQPHQWDO�9LVXDOL]DWLRQ
3URJUDP

&RQWDFW
%HWK�5XVVHOO

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��HFRV\VWHPV��SROOXWLRQ�
KXPDQ�LPSDFWV

([WHQW�RI�+DUPIXO�+XPDQ�,QIOXHQFHV�RQ�*OREDO�0DULQH

(FRV\VWHPV
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0HGLD�3UHYLHZ

'HVFULSWLRQ

2LO�VWDUWHG�JXVKLQJ�LQWR�WKH�*XOI�RI�0H[LFR�DIWHU�WKH�%3�'HHSZDWHU�+RUL]RQ
FDXJKW�ILUH�RQ�$SULO���WK��������H[SORGHG��DQG�VDQN��7KH�OHDNLQJ�ZHOO�ZDV
ILQDOO\�FDSSHG�RQ�-XO\�����������7KH�VXEVHTXHQW�RLO�ORVV�WKUHDWHQV�WKH
KHDOWK�RI�WKH�*XOI�DQG�FRDVWDO�HFRV\VWHPV�LQ�WKH�UHJLRQ��6WDUWLQJ�$SULO
��UG��12$$
V�6DWHOOLWH�$QDO\VLV�%UDQFK�XVHG�GDWD�IURP�D�YDULHW\�RI�KLJK
UHVROXWLRQ�YLVLEOH�DQG�V\QWKHWLF�DSHUWXUH�UDGDU�VDWHOOLWHV�IURP�12$$
V
SDUWQHUV�LQ�(DUWK�REVHUYDWLRQV�WR�GRFXPHQW�WKH�H[WHQW�RI�WKH�VXUIDFH�RLO�
6DWHOOLWH�GDWD�XVHG�LQ�WKLV�GDLO\�DQDO\VLV�LQFOXGHV�1$6$
V�$TXD�DQG�7HUUD
02',6��&DQDGLDQ�6SDFH�$JHQF\
V�5$'$56$7���DQG����6$5��,WDOLDQ
6SDFH�$JHQF\
V�&2602�6N\0HG��*HUPDQ�$HURVSDFH�&HQWU
V�7HUUD6$5�
;��-$;$
V�$/26��6DWHOOLWH�,PDJLQJ�&RUSRUDWLRQ
V�6327����PXOWLVSHFWUDO
LPDJHU\�IURP�7KH�'LVDVWHU�0RQLWRULQJ�&RQVWHOODWLRQ��DQG�(XURSHDQ�6SDFH
$JHQF\
V�(19,6$7�6$5�

7KLV�DQLPDWLRQ��XVHG�D�SLFWXUH�LQ�SLFWXUH��SLS��RQ�626��VKRZV�WKH�GDLO\
FKDQJH�LQ�WKH�VDWHOOLWH�DQDO\VLV�RI�VXUIDFH�RLO�H[WHQWV��7KH�EDFNJURXQG
PDS�KLJKOLJKWV�WKH�DUHD�RI�GHWDLO�VKRZQ�LQ�WKH�SLS��,W�VKRXOG�EH�QRWHG�WKDW

WKH�REVHUYHG�H[WHQWV�PD\�LQ�VRPH�FDVHV�QRW�UHIOHFW�WKH�DFWXDO�H[WHQWV�GXH�WR�WKH�GLIILFXOWO\�LQ�LGHQWLI\LQJ�RLO�VOLFNV�IURP�VSDFH��)RU
LQVWDQFH��PHGLXP�UHVROXWLRQ�YLVLEOH�LPDJHV�DUH�WDNHQ�XVLQJ�VXQJOLQW�GDWD��ZKHUHE\�WKH�VXQ
V�DQJOH�FUHDWHV�D�JODUH�RII�WKH
VXUIDFH�RI�WKH�RFHDQ��,I�WKH�JODUH�LV�QRW�ZLGH�HQRXJK��QRW�DOO�RI�WKH�SOXPH�ZLOO�EH�VHHQ��2LO�OLNH�VKHHQV�IURP�DOJDO�EORRPV�DOVR
FRPSOLFDWH�WKH�PDWWHU��9HU\�KLJK�UHVROXWLRQ�YLVLEOH�DQG�V\QWKHWLF�DSHUWXUH�UDGDU�VDWHOOLWHV�DOVR�KDYH�YHU\�QDUURZ�VZDWK�FRYHUDJH�
VR�D�ODUJH�SOXPH�RU�SDWFKHV�RI�RLO�PD\�H[WHQG�SDVW�WKH�ERXQGV�RI�WKH�VHQVRU
V�GHWHFWLRQ�DUHD��)RU�DOO�RI�WKHVH�UHDVRQV��WKH
DQDO\VWV�DW�12$$
V�6DWHOOLWH�$QDO\VLV�%UDQFK�PXVW�XVH�DOO�RI�WKH�GDWD�DYDLODEOH�WR�JHQHUDWH�D�FRPSRVLWH�RYHU�D����KRXU�SHULRG�
6RPH�GD\V��QRW�HQRXJK�GDWD�ZDV�DYDLODEOH�WR�JHQHUDWH�DQ�DFFXUDWH�H[WHQW�HVWLPDWH��VR�WKRVH�GDWHV�DUH�PLVVLQJ�IURP�WKLV�WLPH
VHULHV��,Q�DGGLWLRQ��WKHVH�H[WHQWV�VKRZ�RQO\�WKH�VXUIDFH�RLO��QRW�WKH�VXEVXUIDFH�SOXPHV��7KLV�GDWDVHW�LV�UXQV�WKURXJK�$XJXVW����WZR
ZHHNV�DIWHU�WKH�OHDNLQJ�ZHOO�FDSSHG�

)URP�WKH�12$$�(QYLURQPHQWDO�9LVXDOL]DWLRQ�/DERUDWRU\�ZHEVLWH�

1RWDEOH�)HDWXUHV

2LO�H[WHQW�LV�PHDVXUHG�E\�VDWHOOLWHV�DQG�PLJKW�QRW�SRUWUD\�WKH�DFWXDO�H[WHQW�RI�WKH�RLO

7KLV�GDWDVHW�RQO\�VKRZV�VXUIDFH�RLO��QRW�VXEVXUIDFH�SOXPHV

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
2FHDQ

$XGLR
1R

'DWDVHW�6RXUFH
12$$�(QYLURQPHQWDO�9LVXDOL]DWLRQ
/DERUDWRU\

'DWDVHW�'HYHORSHU
12$$�(QYLURQPHQWDO�9LVXDOL]DWLRQ
/DERUDWRU\

9LVXDOL]DWLRQ�'HYHORSHU
12$$�(QYLURQPHQWDO�9LVXDOL]DWLRQ
/DERUDWRU\

&RQWDFW
12$$�(QYLURQPHQWDO�9LVXDOL]DWLRQ
/DERUDWRU\

'LUHFWRU\
)73�/LQN

.H\ZRUGV
2FHDQ��RLO�VSLOO��*XOI�RI�0H[LFR�
'HHSZDWHU�+RUL]RQ

'HHSZDWHU�+RUL]RQV�2LO�6SLOO�$XJXVW��
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0HGLD�3UHYLHZ

'HVFULSWLRQ

�2Q�DQ\�JLYHQ�GD\��PRUH�WKDQ��������IOLJKWV�DUH�LQ�WKH�VNLHV�LQ�WKH�8QLWHG

6WDWHV��2QO\�RQH�WKLUG�DUH�FRPPHUFLDO�FDUULHUV��OLNH�$PHULFDQ��8QLWHG�RU

6RXWKZHVW��2Q�DQ�DYHUDJH�GD\��DLU�WUDIILF�FRQWUROOHUV�KDQGOH�������

FRPPHUFLDO�IOLJKWV��PDMRU�DQG�UHJLRQDO�DLUOLQHV����������JHQHUDO�DYLDWLRQ

IOLJKWV��SULYDWH�SODQHV����������DLU�WD[L�IOLJKWV��SODQHV�IRU�KLUH��������

PLOLWDU\�IOLJKWV�DQG�������DLU�FDUJR�IOLJKWV��)HGHUDO�([SUHVV��836��HWF����$W

DQ\�JLYHQ�PRPHQW��URXJKO\�������SODQHV�DUH�LQ�WKH�VNLHV�DERYH�WKH�8QLWHG

6WDWHV��,Q�RQH�\HDU��FRQWUROOHUV�KDQGOH�DQ�DYHUDJH�RI����PLOOLRQ�WDNHRIIV

DQG�ODQGLQJV�����)URP�WKH�1DWLRQDO�$LU�7UDIILF�&RQWUROOHUV�$VVRFLDWLRQ

ZHESDJH

7KLV�GDWDVHW�WUDFNV�FRPPHUFLDO�IOLJKWV�IURP�WKH�DSSUR[LPDWHO\������FLYLO

DLUSRUWV�ZRUOGZLGH��7KH�GD\�QLJKW�WHUPLQDWRU�LV�LQFOXGHG�DV�D�WLPH

UHIHUHQFH��)OLJKW�WUDIILF�SLFNV�XS�QRWLFHDEO\�GXULQJ�GD\OLJKW�KRXUV�DQG

GURSV�RII�WKURXJK�WKH�QLJKW��(DFK�\HOORZ�WDLO�LV�RQH�SODQH�LQ�WKLV

YLVXDOL]DWLRQ

1RWDEOH�)HDWXUHV

(DFK�\HOORZ�WDLO�LV�RQH�SODQH

)OLJKW�WUDIILF�LQFUHDVHV�WKURXJK�WKH�GD\OLJKW�KRXUV

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\

$WPRVSKHUH

$XGLR

1R

'DWDVHW�6RXUFH

IOLJKWVWDWV�FRP

'DWDVHW�'HYHORSHU

7KRPDV�5XRVFK��'U��.DUO�5HJH�

,QVWLWXWH�RI�$SSOLHG�,QIRUPDWLRQ

7HFKQRORJ\��=XULFK�8QLYHUVLW\�RI

$SSOLHG�6FLHQFH

9LVXDOL]DWLRQ�'HYHORSHU

7KRPDV�+RIHU��7HFKQRUDPD���7KH

6ZLVV�6FLHQFH�&HQWHU

&RQWDFW

7KRPDV�+RIHU

'LUHFWRU\

)73�/LQN

.H\ZRUGV

$LU�WUDIILF��DLU�SODQHV��GD\�QLJKW

WHUPLQDWRU

$LU�7UDIILF�ZLWK�'D\�1LJKW�7HUPLQDWRU
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0HGLD�3UHYLHZ

'HVFULSWLRQ

7KH�0RGHUDWH�5HVROXWLRQ�,PDJLQJ�6SHFWURUDGLRPHWHU��02',6��LQVWUXPHQW

RQ�1$6$
V�7HUUD�VDWHOOLWH�SURYLGHV�VFLHQWLVWV�ZLWK�D�QHZ�YLHZ�RI�WKH�(DUWK�

8VLQJ�GDWD�FROOHFWHG�E\�02',6��UHVHDUFKHUV�DW�%RVWRQ�8QLYHUVLW\�ZHUH

DEOH�WR�FUHDWH�WKHVH�ODQG�FRYHU�PDSV��8QGHUVWDQGLQJ�WKH�ODQG�FRYHU�RI

(DUWK�DLGV�SROLF\�PDNHUV�LQYROYHG�LQ�QDWXUDO�UHVRXUFH�PDQDJHPHQW��7KH

PDSV�DUH�DOVR�FULWLFDO�IRU�VFLHQWLVWV�DV�WKH\�VWXG\�FKDQJHV�LQ�WKH�(DUWK

V\VWHP�DQG�DV�WKH\�PRGHO�WKH�(DUWK�V\VWHP��)RU�H[DPSOH��LQ�RUGHU�WR

FDOFXODWH�WKH�FDUERQ�EXGJHW�IRU�WKH�(DUWK�V\VWHP��VFLHQWLVWV�FDQ�XVH�WKHVH

PDSV�WR�GHWHUPLQH�WKH�H[WHQW�RI�YHJHWDWLRQ�FRYHULQJ�WKH�ODQG�VXUIDFH�WKDW

LV�DEVRUELQJ�FDUERQ�GLR[LGH��(DFK�RI�WKH�YDU\LQJ�ODQG�W\SHV�KDYH�GLIIHUHQW

LPSDFWV�RQ�WKH�(DUWK�V\VWHP��6QRZ�DQG�LFH�FRYHU�FRRO�WKH�SODQHW�E\

UHIOHFWLQJ�VXQOLJKW�EDFN�WR�VSDFH��IRUHVWV�DEVRUE�KXJH�DPRXQWV�RI�FDUERQ

GLR[LGH��DQG�FURSODQGV�DQG�XUEDQ�DUHDV�UHIOHFW�WKH�KXPDQ�LPSDFW�RQ�WKH

(DUWK�

7KH�GDWD�WKDW�ZDV�DQDO\]HG�IRU�WKLV�PDS�ZDV�FROOHFWHG�E\�02',6�IURP

1RYHPEHU������WKURXJK�2FWREHU�������7KLV�PDS�LV�WKH�PRVW�UHILQHG

JOREDO�SLFWXUH�HYHU�FUHDWHG�RI�WKH�GLVWULEXWLRQ�RI�(DUWK
V�HFRV\VWHPV�DQG�ODQG�XVH�SDWWHUQV��7KH�VSDWLDO�UHVROXWLRQ�RI�WKLV�ODQG

FRYHU�PDS�LV���NLORPHWHU�����PLOHV���D�QRWHG�LPSURYHPHQW�RQ�ROGHU�YHUVLRQV�RI�VLPLODU�PDSV��7KH�PDS�LV�FRORU�FRGHG�EDVHG�RQ���

GLIIHUHQW�ODQG�FRYHU�W\SHV��7KH�ODQG�FRYHU�W\SHV�IDOO�LQWR�RQH�RI�WZR�FDWHJRULHV��QDWXUDO�YHJHWDWLRQ�DQG�DJULFXOWXUDO��XUEDQ��DQG

EDUUHQ��7KHUH�DUH�HOHYHQ�QDWXUDO�YHJHWDWLRQ�ODQG�W\SHV��UDQJLQJ�IURP�(YHUJUHHQ�1HHGOHOHDI�)RUHVWV�WR�3HUPDQHQW�:HWODQG��7KH

UHPDLQLQJ�ILYH�ODQG�W\SHV�YDU\�IURP�FURSODQGV�WR�VQRZ�DQG�LFH�WR�XUEDQ�DQG�EXLOW�XS��7KHUH�DUH�WKUHH�YHUVLRQV�RI�WKLV�GDWDVHW�

7ZR�VKRZ�WKH�VDPH�PDS�EDVH�PDS��EXW�KDYH�GLIIHUHQW�ODEHO�VW\OHV��2QH�VKRZV�DOO�RI�WKH�ODEHOV�LQ�D�ULEERQ�DURXQG�WKH�HTXDWRU

DQG�WKH�RWKHU�KDV�D�VOLGH�VKRZ�RI�HDFK�ODQG�W\SH��7KH�WKLUG�YHUVLRQ�VKRZV�HDFK�RI�WKH�FDWHJRULHV�VHSDUDWHO\�WKHQ�SURJUHVVLYHO\

RYHUOD\V�WKH�OD\HUV�

Classification Percentage of Global Surface
Coverage

Percentage of Land Surface
Coverage

Permanent Snow and Ice 11.46% 33.79%

Open Shrublands 5.57% 16.42%

Barren/Sparsely

Vegetated

3.22% 9.50%

Grasslands 2.27% 6.70%

Croplands 2.19% 6.45%

Evergreen Broadleaf 1.92% 5.66%

Woody Savannas 1.83% 5.40%

Savannas 1.38% 4.08%

Mixed Forests 1.33% 3.93%

Evergreen Needleleaf 1.31% 3.86%

Cropland/Natural

Vegetation

0.49% 1.43%

Deciduous Broadleaf 0.36% 1.05%

Deciduous Needleleaf 0.23% 0.68%

Urban and Built-up 0.12% 0.36%

Closed Shrublands 0.12% 0.35%

Missing Data 0.06% 0.18%

Permanent Wetlands 0.06% 0.17%

Water 66.08% --

1RWDEOH�)HDWXUHV

7KHUH�DUH����GLIIHUHQW�ODQG�W\SHV�XVHG�LQ�WKLV�GDWDVHW

7KH�VSDWLDO�UHVROXWLRQ�LV���NLORPHWHU�����PLOHV�

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\

/DQG

$XGLR

1R

'DWDVHW�6RXUFH

1$6$�02',6

'DWDVHW�'HYHORSHU

%RVWRQ�8QLYHUVLW\

9LVXDOL]DWLRQ�'HYHORSHU

%RVWRQ�8QLYHUVLW\��1$6$

&RQWDFW

%HWK�5XVVHOO

'LUHFWRU\

)73�/LQN

.H\ZRUGV

/DQG��VDWHOOLWH��02',6��FRYHU�

YHJHWDWLRQ

/DQG�&RYHU�0DS�ZLWK�5LEERQ�RI�/DEHOV
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0HGLD�3UHYLHZ

'HVFULSWLRQ

1RW�DOO�FURSODQG�LV�XVHG�IRU�SURGXFLQJ�IRRG�GLUHFWO\�IRU�SHRSOH��$�ORW�RI�WKH

IRRG�FURSV�JURZQ�DUH�DFWXDOO\�XVHG�DV�IHHG�IRU�DQLPDOV��7KLV�PDS�VKRZV

ZKLFK�UHJLRQV�SURGXFH�FURSV�WKDW�DUH�PRVWO\�FRQVXPHG�GLUHFWO\�E\

KXPDQV��LQ�JUHHQ���ZKLFK�UHJLRQV�SURGXFH�DERXW�WKH�VDPH�DPRXQW�RI

KXPDQ�IRRG�DQG�DQLPDO�IHHG��LQ�RUDQJH���DQG�ZKHUH�PRVW�RI�WKH�FURSV�DUH

XVHG�DV�DQLPDO�IHHG��LQ�UHG��

$V�GLVFXVVHG�LQ���%LOOLRQ�0RUH�&RPLQJ�WR�'LQQHU��WKH�FRQYHUVLRQ�RI
FURSV�WR�PHDW�LV�QRW�SDUWLFXODUO\�HIILFLHQW��LQ�WKH�FDVH�RI�FDWWOH��IRU�H[DPSOH�

DERXW����SRXQGV�RI�IHHG�DUH�QHHGHG�WR�JURZ�D�VLQJOH�SRXQG�RI�EHHI���VR

DV�JOREDO�GHPDQG�IRU�PHDW�ULVHV��FURSODQG�GHYRWHG�WR�JURZLQJ�DQLPDO�IHHG

ZLOO�KDYH�WR�LQFUHDVH�SURSRUWLRQDWHO\��:KDW�HIIHFW�ZLOO�WKLV�KDYH�RQ�WKH�FRVW

RI�PHDW��FURSV��DQG�RXU�GLHWV"

1RWDEOH�)HDWXUHV

*UHHQ���FURSV�FRQVXPHG�PRVWO\�E\�KXPDQV

2UDQJH���FURSV�FRQVXPHG�HTXDOO\�E\�KXPDQV�DQG�DQLPDOV

5HG���FURSV�FRQVXPHG�PRVWO\�E\�DQLPDOV

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\

/DQG

$XGLR

1R

'DWDVHW�6RXUFH

8QLYHUVLW\�RI�0LQQHVRWD�,QVWLWXWH
RQ�WKH�(QYLURQPHQW�*OREDO
/DQGVFDSHV�,QLWLDWLYH

'DWDVHW�'HYHORSHU

8QLYHUVLW\�RI�0LQQHVRWD�,QVWLWXWH
RQ�WKH�(QYLURQPHQW�*OREDO
/DQGVFDSHV�,QLWLDWLYH

9LVXDOL]DWLRQ�'HYHORSHU

8QLYHUVLW\�RI�0LQQHVRWD�,QVWLWXWH
RQ�WKH�(QYLURQPHQW�*OREDO
/DQGVFDSHV�,QLWLDWLYH��6FLHQFH
0XVHXP�RI�0LQQHVRWD

&RQWDFW

6FLHQFH�0XVHXP�RI�0LQQHVRWD

'LUHFWRU\

)73�/LQN

.H\ZRUGV

/DQG��FURSODQG��SDVWXUHODQG�
DQLPDOV��PHDW��IRRG

)RRG�YV��)HHG
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0HGLD�3UHYLHZ

'HVFULSWLRQ

7KLV�GDWDVHW�ZDV�FUHDWHG�E\�DQ�LQWHUQ�DW�)DFHERRN�ZKR�SORWWHG����PLOOLRQ
SDLUV�RI�IULHQGV�RQ�)DFHERRN��7KH�UHVXOW�LV�D�VWXQQLQJ�PDS�WKDW�VKRZV�WKH
FRQQHFWLRQV�EHWZHHQ�SHRSOH�DQG�KLJKOLJKWV�WKH�UHJLRQV�ZLWK�UHDGLO\
DYDLODEOH�DFFHVV�WR�WKH�LQWHUQHW��$IULFD��ZLWK�OLPLWHG�LQWHUQHW�DFFHVV�LV
UDWKHU�GLP��ZKLOH�&KLQD��ZLWK�PDQ\�LQWHUQHW�XVHUV�LV�GLP�GXH�WR�WKH�XVH�RI�D
SRSXODU�&KLQHVH�VRFLDO�QHWZRUNLQJ�VLWH�DQG�JRYHUQPHQW�UHVWULFWLRQV�

)URP�WKH�FUHDWRU�XSRQ�UHILQLQJ�WKH�YLVXDOL]DWLRQ����$IWHU�D�IHZ�PLQXWHV�RI
UHQGHULQJ��WKH�QHZ�SORW�DSSHDUHG��DQG�,�ZDV�D�ELW�WDNHQ�DEDFN�E\�ZKDW�,
VDZ��7KH�EORE�KDG�WXUQHG�LQWR�D�VXUSULVLQJO\�GHWDLOHG�PDS�RI�WKH�ZRUOG��1RW
RQO\�ZHUH�FRQWLQHQWV�YLVLEOH��FHUWDLQ�LQWHUQDWLRQDO�ERUGHUV�ZHUH�DSSDUHQW
DV�ZHOO��:KDW�UHDOO\�VWUXFN�PH��WKRXJK��ZDV�NQRZLQJ�WKDW�WKH�OLQHV�GLGQ
W
UHSUHVHQW�FRDVWV�RU�ULYHUV�RU�SROLWLFDO�ERUGHUV��EXW�UHDO�KXPDQ
UHODWLRQVKLSV��(DFK�OLQH�PLJKW�UHSUHVHQW�D�IULHQGVKLS�PDGH�ZKLOH�WUDYHOLQJ�
D�IDPLO\�PHPEHU�DEURDG��RU�DQ�ROG�FROOHJH�IULHQG�SXOOHG�DZD\�E\�WKH
YDULRXV�IRUFHV�RI�OLIH��

)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�FUHDWLRQ�RI�WKLV�GDWDVHW��YLVLW�KHUH

5HODWHG�'DWDVHWV
   �1RQH�

'HWDLOV
&DWHJRU\
([WUDV

$XGLR
1R

'DWDVHW�6RXUFH
)DFHERRN
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)DFHERRN
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)DFHERRN
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-XSLWHU��VWLOO�� -XSLWHU�6KRHPDNHU�

/HY\�&RPHW�&ROOLVLRQ�

-XSLWHU�+67�VHTXHQFH

�����

'HVFULSWLRQ

7KH�ILIWK�SODQHW�LQ�WKH�VRODU�V\VWHP��-XSLWHU�LV�WKH�ILUVW�RI�WKH�JDV�SODQHWV��,W
LV�WKH�ODUJHVW�SODQHW�LQ�WKH�VRODU�V\VWHP�ZLWK�DQ�LPSUHVVLYH�UDGLXV�RI
�������PLOHV��PRUH�WKDQ����WLPHV�WKDW�RI�(DUWK��DQG�DERXW�RQH�WHQWK�WKDW�RI
WKH�VXQ��%HFDXVH�-XSLWHU�LV�D�JDV�SODQHW��LW�GRHV�QRW�KDYH�D�VROLG�VXUIDFH�
WKH�JDVHV�VLPSO\�EHFRPH�GHQVHU�FORVHU�WR�WKH�FHQWHU��HYHQWXDOO\�WXUQLQJ
LQWR�D�OLTXLG��%HFDXVH�WKLV�SODQHW�LV�QRW�D�VROLG��LW�HDVLO\�GLVWRUWV��,Q�IDFW�
-XSLWHU��ZKLFK�KDV�WKH�IDVWHVW�URWDWLRQ�UDWH�LQ�WKH�VRODU�V\VWHP��EXOJHV�DW
WKH�HTXDWRU�DQG�IODWWHQV�DW�WKH�SROHV�GXH�WR�LWV�UDSLG�URWDWLRQ��-XSLWHU¶V
FRPSRVLWLRQ�LV�HVWLPDWHG�WR�EH�����K\GURJHQ�DQG�����KHOLXP�ZLWK�D
FRXSOH�RI�RWKHU�WUDFH�JDVHV�DV�ZHOO��:KDW�FDQ�EH�VHHQ�IURP�VSDFH�DUH�WKH
DPPRQLD�FORXGV�WKDW�VXUURXQG�WKH�SODQHW��7KH�YLVLEOH�EDQGV�RI�FRORU�DUH
WKH�UHVXOW�RI�YHU\�KLJK�YHORFLW\�ZLQGV�WKDW�IORZ�LQ�RSSRVLWH�GLUHFWLRQV�LQ
DGMDFHQW�EDQGV��:LWKLQ�WKHVH�EDQGV�DUH�VWRUPV�WKDW�KDYH�UDJHG�RQ�IRU
\HDUV��7KH�PRVW�QRWDEOH�LV�WKH�*UHDW�5HG�6SRW��D�VWRUP�WKDW�KDV�EHHQ
REVHUYHG�IRU�����\HDUV��7KUHH�(DUWK¶V�FRXOG�HDVLO\�ILW�LQWR�WKH�*UHDW�5HG
6SRW�

-XSLWHU�KDV�EHHQ�GHVFULEHG�DV�LWV�RZQ�OLWWOH�VRODU�V\VWHP�EHFDXVH�RI�WKH�YDVW�QXPEHU�RI�PRRQV�RUELWLQJ�WKH�SODQHW��7KHUH�DUH���
PRRQV�DURXQG�-XSLWHU��WKH�PRVW�RI�DQ\�SODQHW�LQ�WKH�VRODU�V\VWHP��)RXU�LQ�SDUWLFXODU��,R��(XURSD��*DQ\PHGH��DQG�&DOOLVWR��DUH
SODQHW�VL]HG��,Q������DORQH�����QHZ�PRRQV�ZHUH�GLVFRYHUHG��5HDVRQV�IRU�WKLV�LQFUHGLEOH�QXPEHU�RI�PRRQV�LQFOXGH�WKH�VWURQJ
JUDYLWDWLRQDO�IRUFH�RI�WKH�SODQHW�DW�������P�V���PRUH�WKDQ�GRXEOH�WKH�JUDYLWDWLRQDO�IRUFH�RQ�(DUWK��DQG�DOVR�WKH�ODUJH�PDJQHWLF
ILHOG�RI�WKH�SODQHW��ZKLFK�H[WHQGV�LQWR�6DWXUQ¶V�RUELW��/LNH�6DWXUQ��-XSLWHU�DOVR�KDV�ULQJV��WKRXJK�WKH\�DUH�RQO\�YLVLEOH�ZKHQ�EDFNOLW
E\�WKH�VXQ�DQG�EHOLHYHG�WR�EH�FRPSULVHG�RI�GXVW�NLFNHG�XS�IURP�PHWHRU�FROOLVLRQV�ZLWK�WKH�IRXU�ELJJHVW�PRRQV�

6HYHUDO�QHZ�-XSLWHU�GDWDVHWV�KDYH�FRPH�IURP�ERWK�WKH�+XEEOH�6SDFH�7HOHVFRSH�DQG�WKH�1HZ�+RUL]RQV�VSDFHFUDIW��7KH�1HZ
+RUL]RQV�VSDFHFUDIW�ZDV�ODXQFKHG�LQ�-DQXDU\�RI������ZLWK�WKH�JRDO�RI�VWXG\LQJ�3OXWR�LQ�������2Q�LWV�ZD\�WR�3OXWR��1HZ�+RUL]RQV
KDV�SURYLGHG�SLFWXUHV�RI�RWKHU�SODQHWV�DV�ZHOO��7KH�EODFN�DQG�ZKLWH�DQLPDWLRQ�RI�-XSLWHU�WKDW�LV�DYDLODEOH�IRU�626�LV�PDGH�RI
LPDJHV�IURP�1HZ�+RUL]RQV�VSDFHFUDIW�WKDW�KDYH�EHHQ�RYHUODLG�RQ�D�+XEEOH�6SDFH�7HOHVFRSH�LPDJH�IURP�������7KH�+XEEOH
6SDFH�7HOHVFRSH�GDWDVHWV�LQFOXGH�VXUIDFH�SLFWXUHV�IURP�)HEUXDU\�DQG�0DUFK�RI������WKDW�VKRZ�WKH�*UHDW�5HG�6SRW�DQG�WKH�5HG
6SRW�-XQLRU��D�VHTXHQFH�RI�LPDJHV�WKDW�VKRZ�WKH�GLIIHUHQW�OD\HUV�RI�-XSLWHU
V�DWPRVSKHUH�E\�YDU\LQJ�WKH�VSHFWUXP��DQG�D�YLHZ�RI
-XSLWHU�DIWHU�LW�ZDV�KLW�E\�D�FRPHW�

1RWDEOH�)HDWXUHV

*UHDW�5HG�6SRW�²�VWRUP�RQ�VXUIDFH�REVHUYHG�IRU�����\HDUV

,W�PRYHV�(DVW�:HVW�EXW�QHYHU�1RUWK�6RXWK

%DQGV�RI�FRORU�FUHDWHG�E\�WKH�KLJK�ZLQGV�LQ�RSSRVLWH�GLUHFWLRQV

+XEEOH�6SDFH�7HOHVFRSH�DQG�1HZ�+RUL]RQV�'DWDVHWV

7KH�5HG�6SRW�-XQLRU�LV�YLVLEOH

5HODWHG�'DWDVHWV

'HWDLOV
&DWHJRU\
$VWURQRP\

$XGLR
1R

'DWDVHW�6RXUFH
&DVVLQL

'DWDVHW�'HYHORSHU
&DVVLQL�,PDJLQJ�7HDP

9LVXDOL]DWLRQ�'HYHORSHU
6WHYH�$OEHUV�12$$�*6'

&RQWDFW

'LUHFWRU\
)73�/LQN

.H\ZRUGV
6RODU�6\VWHP��SODQHW��ELJJHVW

-XSLWHU��PRYLH�
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0DUV�/DQGLQJ�6LWHV
ZLWK�3LFWXUHV�

0DUV�0DJQHWLF�0DS
�������

'HVFULSWLRQ

0DUV�LV�DSWO\�UHIHUUHG�WR�DV�WKH�UHG�SODQHW�DV�LWV�VXUIDFH�LV�UHG�GXH�WR�D�KLJK
FRQFHQWUDWLRQ�RI�LURQ�R[LGHV�LQ�WKH�VRLO��2IWHQ�WKH�FHQWHU�RI�VFLHQFH�ILFWLRQ
VWRULHV��0DUV�RQFH�ZDV�EHOLHYHG�WR�VXSSRUW�LQWHOOLJHQW�FUHDWXUHV��0LVVLRQV
WR�0DUV�LQ������DQG�DJDLQ�LQ������SURYHG�WKDW�WKHUH�ZHUH�QR�OLYLQJ
RUJDQLVPV�RQ�0DUV��+RZHYHU��WKLV�VPDOO�URFN\�SODQHW��WKH�IRXUWK�IURP�WKH
VXQ��GRHV�KDYH�SRODU�LFH�FDSV�WKDW�FKDQJH�LQ�VL]H�ZLWK�WKH�VHDVRQV��,W�LV
EHOLHYHG�WKDW�����ELOOLRQ�\HDUV�DJR�WKH�PRVW�VLJQLILFDQW�IORRGV�LQ�WKH�VRODU
V\VWHP�WRRN�SODFH�RQ�0DUV��7KH�0DUV�2G\VVH\�IRXQG�ODUJH�DPRXQWV�RI�LFH
DERXW���PHWHU�EHORZ�WKH�VXUIDFH�RI�0DUV�LQ�������7KLV�LFH��WKRXJKW�WR�EH
IURP�WKH�IORRGV��ZRXOG�ILOO�/DNH�0LFKLJDQ�RYHU�WZR�WLPHV��7KLV�LV�VWLOO�QRW
HQRXJK�ZDWHU�WR�H[SODLQ�WKH�HURVLRQ�YLVLEOH�RQ�0DUV�

0DUV�WRXWV�QRW�RQO\�WKH�KLJKHVW�SRLQW�LQ�WKH�VRODU�V\VWHP��EXW�DOVR�D�FDQ\RQ
RYHU���PLOHV������NP��GHHS��7KH�KLJKHVW�SRLQW��WKH�PRXQWDLQ�2O\PSXV
0RQV�LV��������IHHW��DOPRVW����PLOHV��DERYH�WKH�VXUURXQGLQJ�DUHD�DQG
KDV�DQ�DVWRXQGLQJ�GLDPHWHU�RI�RYHU�����PLOHV��7KH�EDVH�RI�WKH�PRXQWDLQ
LV�VXUURXQGHG�E\�D�FOLII�WKDW�GURSV��������IHHW��DOPRVW���PLOHV���&RPSDUHG

WR�0RXQW�(YHUHVW��WKH�WDOOHVW�SRLQW�RQ�(DUWK�DW��������IHHW��2O\PSXV�0RQV�LV�RYHU�WKUHH�WLPHV�WDOOHU��$QRWKHU�VSHFWDFOH�RQ�(DUWK�LV
WKH�*UDQG�&DQ\RQ�ZKLFK�LV�����PLOHV�ORQJ�DQG������IHHW�GHHS�DW�LWV�GHHSHVW�SRLQW��2Q�0DUV��9DOOHV�0DULQHULV�LV�DOPRVW�����
PLOHV�ORQJ��DSSUR[LPDWHO\�WKH�ZLGWK�RI�WKH�8QLWHG�6WDWHV��DQG�QHDUO\���PLOHV������NP��GHHS��,Q�DGGLWLRQ�WR�WKH�VXUIDFH�RI�0DUV
GDWDVHW��WKHUH�LV�D�GDWDVHW�WKDW�LQFOXGHV�LPDJHV�RI�WKH�URYHUV�WKDW�ODQGHG�RQ�0DUV�DQG�WKH�SLFWXUHV�WKDW�WKH\�WRRN��$QRWKHU�GDWDVHW
IRU�0DUV�VKRZV�WKH�FUXVWDO�PDJQHWLF�ILHOGV�RI�0DUV�DV�PHDVXUHG�E\�WKH�0DUV�*OREDO�6XUYH\RU��7KLV�LV�DQ�LPSRUWDQW�PDS
EHFDXVH�LW�SURYHV�WKDW�RQH�SRLQW�0DUV�KDG�SODWH�WHFWRQLFV��5HG�LV�XVHG�IRU�SRVLWLYH�PDJQHWLF�ILHOGV�DQG�EOXH�LV�QHJDWLYH�ILHOGV�

1RWDEOH�)HDWXUHV

2O\PSXV�0RQV��KLJKHVW�SRLQW�LQ�WKH�VRODU�V\VWHP�DW�������IW

9DOOHV�0DULQHULV��&DQ\RQ������PLOHV�ORQJ�DQG���PLOHV�GHHS

+HOODV�3ODQLWLD��DQ�LPSDFW�FUDWHU�LQ�WKH�6RXWKHUQ�+HPLVSKHUH�����PLOHV�GHHS�DQG������PLOHV�LQ�GLDPHWHU

3UHVHQFH�RI�LFH�FDSV
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$XGLR
1R
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'DWDVHW�'HYHORSHU
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